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TITLE OF THE INVENTION 
OPTICAL APPARATUS AND LENS APPARATUS 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to an optical 

apparatus, such as a digital camera, video camera, etc., 
having an integral lens , and an interchangeable lens 
apparatus that can be mounted to such a camera. 

2. DESCRIPTION OF THE RELATED ART 

[0002] A so-called rear focus (inner focus) zoom lens, 
having a variable power lens, and a focus lens which is 
positioned at the image plane side of the variable power 
lens and performs focusing and compensation of the image 
plane variation that accompanies the movement of the 
variable power lens (function of a compensator), is provided 
integrally in a digital camera, video camera, or other 
image-taking apparatus or is used as an interchangeable lens. 
[0003] For example, with a lens apparatus that uses an 
above -described rear focus zoom lens of an interchangeable 
type, focus adjustment is performed by driving the focus 
lens based on a focus drive signal from the camera side. 
Also, zooming is performed by driving the variable power 



CFV00115 AAFA 



- 2 - 

lens based on a zoom drive signal resulting from the 
operation of a zoom switch provided at the camera and 
driving the focus lens so as to compensate for the image 
plane variation that accompanies the power variation. 
[0004] Here, in order to improve the operability for image 
taking, image -taking apparatuses and lens apparatuses of 
structures with which an operator performs focusing and 
zooming operation by manual operation, have been proposed. 
[0005] In Japanese Patent Application Laid-open No. H6 

(1994)-186467, an image -taking apparatus with a structure 
using an optical system of the above -described rear focus 
zoom type and enabling manual focusing is proposed. In this 
image-taking apparatus, a focus lens drive motor is driven 
in accordance with the rotation operation of a manual focus 
ring to move a focus lens. Also, when the focus lens is 
moved during an autofocus action, the manual focus ring is 
rotated by a motor. 

[0006] A method for indicating the distance to an object 
by means of a printing of distance indications on the outer 
circumference of the manual focus ring and a mark on a fixed 
part is also proposed in this Publication. 

[0007] An image-taking apparatus with a structure using an 
optical system of the rear focus zoom type and enabling 
manual focus operation is also proposed in Japanese Patent 
Application Laid-open No. H10 ( 1998 ) -191141 . In this image- 
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taking apparatus, a manual zoom lever is operated rotatingly 
and a zoom lens is moved in accordance with this rotating 
operation. Also, the manual zoom lever is rotated by a 
motor when the zoom lens is moved by operation of a zoom key 
at the camera . 

[0008] A method for indication of focal lengths by means 
of a scale for focal lengths on a fixed part near the manual 
zoom lever is also proposed in this Publication. 
[0009] In Japanese Patent Application Laid-open No. H9 

(1997) -304679, an image- taking apparatus with a structure, 
which uses an optical system of the above -described rear 
focus zoom type, enables manual zooming or manual focusing, 
and with which the driving force of a motor is transmitted 
via a clutch mechanism to a manual ring, is proposed. In 
this image- taking apparatus, selection between manual 
operation and motor drive of the manual ring is enabled by 
switching the clutch mechanism. 

[0010] However, in the image- taking apparatus proposed in 
the above -described Japanese Patent Application Laid-open No. 
H6 (1994)-186467, there is the problem that during the 
autofocus action, the correspondence between the position to 
which the focus lens is moved and the position to which the 
manual focus ring is moved (rotated) by motor drive is not 
matched (not maintained). 

[0011] Also, in the image- taking apparatus proposed in the 
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above -de scribed Japanese Patent Application Laid-open No. 
H10 (1998) -191141, there is the problem that during movement 
of the zoom lens by operation of the zoom key, the 
correspondence between the position to which the zoom lens 
is moved and the position to which the manual zoom lever is 
moved (rotated) by motor drive is not matched (not 
maintained) . 

[0012] Generally, with a manual operating member (manual 
focus ring, manual zoom ring, etc.)/ a viscous material, 
such as grease, etc., is provided between the manual 
operating member and a fixed member so that an operator is 
provided with a predetermined operating sensation 
(rotational torque). However, with a temperature change, 
the viscosity of this viscous material varies, the load 
varies accordingly, and thus the movement (rotation) speed 
of the manual operating member varies to give rise to the 
above -described problems. 

[0013] Also, if during movement of the focus lens by the 
autofocus action or movement of the zoom lens by the zoom 
key operation, the movement of the manual operating member 
(ring or lever) is restrained by the operator, the movement 
(rotation) of the manual operating member will be limited. 
The problem that the correspondence between the position to 
which the focus lens or zoom lens is moved and the position 
of the manual operating member is not matched (is not 
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maintained) occurs in this case as well. 

[0014] Likewise with the image- taking apparatus proposed 
in the above -described Japanese Patent Application Laid-open 
No. H9 (1997)-304679, there is the problem that the 
correspondence between the position to which the focus lens 
or the zoom lens is moved by autofocusing or zoom key 
operation and the manual ring is not matched. 

[0015] In the image- taking apparatus proposed in the 

above-described Japanese Patent Application Laid-open No. H9 
(1997) -304679, in the state in which the clutch mechanism is 
switched to the manual operation side, that is, in the state 
in which the driving force is not transmitted to the manual 
ring, the lens will not move even if the motor is driven for 
autofocusing or for zooming in accordance with a zoom key 
operation. The motor thus practically idles (the motor 
rotates without the driving force being transmitted to the 
manual ring) and power (battery) is consumed wastefully. 
Moreover, an operator may not notice that the clutch 
mechanism is switched to the manual operation side and may 
not be able to perform image taking as desired. 
[0016] Furthermore, if an operator operates the manual 

ring manually when the clutch is switched to the motor drive 
side, the operation of the manual ring will be heavy due to 
the application of the rotational load of the motor. 
However, the operability may be lowered if the operator has 
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to switch to the manual operation side manually by the 
clutch mechanism each time to obtain a good operation 
sensation. 

[0017] For the problem that the correspondence between the 
lens position and the position to which an operating member 
is moved (rotated) by motor drive is not matched, a method, 
wherein a position detector is provided for detecting the 
position of the manual ring, information indicating the 
respective positions within the movement (rotation) range of 
the manual ring are stored in a microcomputer in advance 
during an initial setting step prior to the start of image 
taking, etc., and positional control of the lens is 
performed so as to correspond with these position 
information, may be considered. 

[0018] However, if a potentiometer, etc., is used as the 
position detector for detecting the position of the manual 
ring, since the output voltage from the position detector 
will vary due to the temperature drift phenomenon, deviation 
may occur between the position of the manual ring stored 
during initial setting and the actual position of the manual 
ring. In this case, the focal length and the in-focus 
distance indicated by the manual ring may deviate from the 
actual focal length and in-focus distance of the optical 
system. 
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SUMMARY OF THE INVENTION 

[0019] An object of the present invention is to provide an 
optical apparatus and a lens apparatus, with which the 
correspondence between the movement of a movable lens and 
the movement of an externally operated operating member can 
be maintained and with which the operability can be improved. 

[0020] In order to achieve the above object, a first 

aspect of the present invention comprises a movable lens, 
movable in an optical axis direction, a lens drive unit 
which drives the movable lens, an operating member operable 
within a predetermined movable range, and an operating 
member drive unit which drives the operating member within 
the predetermined movable range. This first aspect also 
comprises an operating member position detector which 
outputs a signal for detecting the position of the operating 
member, a signal output unit (or camera) which outputs a 
signal for moving the movable lens, and a controller which 
controls the drive of the lens drive unit and the operating 
member drive unit. Here, the controller controls the drive 
of the lens drive unit based on the signal from the 
operating member position detector and controls the drive of 
the operating member drive unit based on the signal from the 
signal output unit (or camera). 

[0021] Also, a second aspect of the present invention 
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comprises a movable lens movable in an optical axis 
direction, a lens drive unit which drives the movable lens, 
an operating member operable within a predetermined movable 
range, and an operating member drive unit which drives the 
operating member within the predetermined movable range. 
This second aspect also comprises an operating member 
position detector which outputs a signal for detecting the 
position of the operating member, a signal output unit (or 
camera) which outputs a first signal and a second signal, 
each of which is a signal for moving the movable lens, and a 
controller which controls the drive of the lens drive unit 
and the operating member drive unit . The controller 

controls the drive of the lens drive unit based on the 
signal from the operating member position detector, controls 
the drive of the operating member drive unit based on the 
first signal, and furthermore controls the drive of the lens 
drive unit based on the second signal. 

[0022] Also, a third aspect of the present invention 

comprises a movable lens movable in an optical axis 
direction, a lens drive unit which drives the movable lens, 
an operating member operable within a predetermined movable 
range, and an operating member drive unit which drives the 
operating member within the predetermined movable range. 
This third aspect also comprises an operating member 
position detector which outputs a signal for detecting the 
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position of the operating member, a signal output unit (or 
camera) which outputs a signal for moving the movable lens, 
and a controller which controls the drive of the lens drive 
unit based on the signal from the operating member position 
detector and controls the drive of the operating member 
drive unit based on the signal from the signal output unit 
(or camera). This third aspect furthermore comprises a 
switching mechanism switchable between a transmitting state, 
in which a drive force is transmitted from the operating 
member drive unit to the operating member, and a non- 
transmitting state, in which the drive force is not 
transmitted, and a switching detector which outputs a signal 
for detecting the state of the switching mechanism. The 
controller controls the drive of the operating member drive 
unit based on the signal from the signal output unit (or 
camera) when the switching mechanism is detected to be in 
the transmitting state by the signal from the switching 
detector, and restricts the drive of the operating member 
drive unit based on the signal from the signal output unit 
(or camera) (for example, does not perform drive of the 
operating member drive unit or automatically switches the 
switching mechanism to the transmitting state and then 
performs drive of the operating member drive unit) when the 
switching mechanism is detected to be in the non- 
transmitting state. 
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[0023] Also, a fourth aspect of the present invention 

comprises a movable lens movable in an optical axis 
direction, a lens drive unit which drives the movable lens, 
an operating member operable within a predetermined movable 
range, and an operating member drive unit which drives the 
operating member within the predetermined movable range. 
This fourth aspect also comprises an operating member 
position detector which outputs a signal for detecting the 
position of the operating member, a signal output unit (or 
camera) which outputs a signal for moving the movable lens, 
and a controller which controls the drive of the lens drive 
unit based on the signal from the operating member position 
detector and controls the drive of the operating member 
drive unit based on the signal from the signal output unit 
(or camera). This fourth aspect furthermore comprises a 
switching mechanism switchable between a transmitting state, 
in which a drive force is transmitted from the operating 
member drive unit to the operating member, and a non- 
transmitting state, in which the drive force is not 
transmitted, a switching detector which outputs a signal for 
detecting the state of the switching mechanism, and a 
switching drive unit which actuates the switching mechanism 
to switch between the transmitting state and the non- 
transmitting state. When the switching mechanism is 
detected to be in the transmitting state by the signal from 
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the switching detector and there is a change in the signal 
from the operating member position detector while the 
operating member drive unit is not driven, the controller 
drives the switching drive unit to switch the switching 
mechanism from the transmitting state to the non- 
transmitting state. 

[0024] Also, a fifth aspect of the present invention 

comprises a movable lens movable in an optical axis 
direction, a lens drive unit which drives the movable lens, 
an operating member operable within a predetermined movable 
range, and an operating member drive unit which drives the 
operating member in the predetermined range. This fifth 
aspect also comprises an operating member position detector 
which outputs a signal for detecting the position of the 
operating member, and a signal output unit (or camera) which 
outputs a signal for moving the movable lens. The fifth 
aspect furthermore comprises a memory which stores 
information indicating the correspondence between the 
position of the operating member and the position of the 
movable lens, and a controller which controls the drive of 
the lens drive unit based on the position information on the 
operating member detected by the signal from the operating 
member position detector and the correspondence information 
stored in the memory. The controller also controls the 
drive of the operating member drive unit based on the signal 
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from the signal output unit (or camera). The fifth aspect 
furthermore comprises an end position detector which outputs 
a signal for detecting that the operating member is 
positioned at an optical end corresponding position that is 
set at the inner side of the predetermined movable range. 
The controller corrects the correspondence information based 
on the position information on the operating member at the 
time the operating member has been detected to be positioned 
at the optical end corresponding position by the signal from 
the end position detector. 

[0025] Also, a sixth aspect of the present invention 

comprises a movable lens movable in an optical axis 
direction, a lens drive unit which drives the movable lens, 
an operating member operable within a predetermined movable 
range, and an operating member drive unit which drives the 
operating member. This sixth aspect also comprises an 
operating member position detector which outputs a signal 
for detecting the position of the operating member, and a 
signal output unit (or camera) which outputs a signal for 
moving the movable lens . The sixth aspect furthermore 
comprises a memory which stores information indicating the 
correspondence between the position of the operating member 
and the position of the movable lens, and a controller which 
controls the drive of the lens drive unit based on the 
position information on the operating member detected by the 
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signal from the operating member position detector and the 
correspondence information stored in the memory. The 
controller also controls the drive of the operating member 
drive unit based on the signal from the signal output unit 
(or camera). The sixth aspect furthermore comprises an end 
position detector which outputs a signal for detecting that 
the operating member is positioned at an optical end 
corresponding position that is set at the inner side of the 
predetermined movable range. The controller corrects the 
position information on the operating member that is used in 
controlling the drive of the lens drive unit based on the 
position information on the operating member that is 
detected at the time the operating member has been detected 
to be positioned at the optical end corresponding position 
by the signal from the end position detector. 

[0026] The characteristics of the present invention's 

optical apparatus and lens apparatus shall become more clear 
by the following description of specific embodiments in 
reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] Fig. 1 is a block diagram showing the structure of 
an optical apparatus of Embodiment 1 of the present 
invention . 
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[0028] Fig. 2 Is a flowchart illustrating the operation of 
the optical apparatus of Embodiment 1 (and Embodiments 4, 7, 
10, and 12) . 

[0029] Fig. 3 is a flowchart illustrating the operation of 
the optical apparatus of Embodiment 1 (and Embodiments 4, 5, 
7 , 8, 10, and 12) . 

[0030] Fig. 4 is a block diagram showing the structure of 
an optical apparatus of Embodiment 2 of the present 
invention . 

[0031] Fig. 5 is a flowchart illustrating the operation of 
the optical apparatus of Embodiment 2 (and Embodiments 3 and 
11). 

[0032] Fig. 6 is a flowchart illustrating the operation of 
the optical apparatus of Embodiment 2 (and Embodiments 3, 6, 
and 11) . 

[0033] Fig. 7 is a block diagram showing the structure of 
an optical apparatus of Embodiment 4 of the present 
invention. 

[0034] Fig. 8 is a block diagram showing the structure of 
an image-taking apparatus of Embodiment 5 of the present 
invention . 

[0035] Fig. 9 is a flowchart illustrating the operation of 
the image -taking apparatus of Embodiment 5. 

[0036] Fig. 10 is a block diagram showing the structure of 
an image -taking apparatus of Embodiment 6 of the present 
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invention. 

[0037] Fig. 11 is a flowchart illustrating the operation 

of the image -taking apparatus of Embodiment 6. 

[0038] Fig. 12 is a block diagram showing the structure of 

a camera system of Embodiment 7 of the present invention. 

[0039] Fig. 13 is a block diagram showing the structure of 

an image -taking apparatus of Embodiment 8 of the present 

invention. 

[0040] Fig. 14 is a flowchart illustrating the operation 
of the image -taking apparatus of Embodiment 8. 

[0041] Fig. 15 is a flowchart illustrating the operation 
of the image -taking apparatus of Embodiment 9. 

[0042] Fig. 16 is a block diagram showing the structure of 
an image -taking apparatus of Embodiment 10 of the present 
invention. 

[0043] Fig. 17 (A) is a front view of a lens part of the 
image- taking apparatus of Embodiment 10 and Fig. 17 (B) is 
an enlarged view of the same part. 

[0044] Fig. 18 is a flowchart Illustrating the operation 

of the image-taking apparatus of Embodiment 10. 

[0045] Fig. 19 is a block diagram showing the structure of 

a camera system of Embodiment 11 of the present invention. 

[0046] Fig. 20 is a block diagram showing the structure of 

an image -taking apparatus of Embodiment 12 of the present 

invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0047] Embodiments of the present invention shall now be 
described with reference to the drawings. 
[0048] (Embodiment 1) 

Fig. 1 is a block diagram for describing Embodiment 1 of 
an optical apparatus of the present invention and shows 
Embodiment wherein the present invention is applied to a 
zoom mechanism of a digital still camera, video camera, or 
other image- taking apparatus equipped with a rear focus zoom 
lens optical system. Here, the rear focus zoom lens optical 
system of this embodiment comprises a variable power lens 
(varlator lens), and a focus lens which is positioned at the 
image plane side of the variator lens, moves in an optical 
axis direction so as to compensate the image plane variation 
that accompanies a magnification changing action (zooming) 
of the variator lens (action of a compensator), and moves in 
the optical axis direction for focusing. This optical 
system which is an image-taking lens is, for example, a 4- 
unit rear focus zoom type optical system that is structured 
from a fixed positive first lens unit, a negative second 
lens unit which moves with the magnification changing action, 
a fixed positive third lens unit and a positive fourth lens 
unit, which moves for the compensator action and for 
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focusing. In Fig. 1, the variator lens unit and the focus 
lens unit are illustrated and the other lens units are 
omitted from illustration. 

[0049] In Fig. 1, Reference numeral 1 shows a zoom ring, 
which is an operating member that is manually operated from 
the exterior. Reference numeral 2 shows arrows that 
indicate the rotation angle (movable range) of the zoom ring 
1, and the rotation range of the zoom ring 1 is set by a 
stopper which is omitted from illustration, and the zoom 
ring 1 thus rotates between a telephoto end 3 at which the 
focal length (zoom position) will be the longest focal 
length, and a wide angle end 4 at which the focal length 
will be the shortest focal length. The rotation angle 
(movable range) of the zoom ring 1 is set within a range, 
for example, of approximately 90° to 120° . 

[0050] The zoom ring 1 is also provided, by printing, 

stamping, etc. , with a focal length scale la. The current 
focal length is indicated by the focal length scale la being 
matched with a mark lb that is provided on a fixed lens 
barrel (not shown) that rotatably supports the zoom ring 1. 
[0051] Reference numeral 5 shows a motor that drives the 
zoom ring 1, and a step motor or a DC motor, etc., is used 
as this motor. Reference numeral 6 shows a variator lens 
unit which moves in the optical axis direction for changing 
magnification, and Reference numeral 7 shows a focus lens 
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unit disposed at the image plane side of the variator lens 
unit 6. Reference numeral 8 shows an absolute rotation 
position encoder that outputs a signal for detecting the 
absolute rotation position of the zoom ring 1. 
[0052] Reference numeral 9 shows a micro angular 

displacement detection pulse encoder, which is provided as 
necessary in a case where the resolution of the absolute 
rotation position encoder 8 is insufficient and outputs a 
signal for detecting the micro rotation angle of the zoom 
ring 1 . 

[0053] Reference numeral 10 shows a controller structured 
from a CPU or MPU, etc., and Reference numeral 11 shows a 
locus memory which is provided in the controller 10 and 
stores data concerning zoom tracking. Reference numeral 12 
shows a zoom motor which drives the variator lens unit 6 in 
the optical axis direction, and though "STMT is Indicated in 
presumption of a stepping motor, this may, for example, be a 
voice coil motor or other linear actuator, etc., instead. 
Reference numeral 13 shows a zoom encoder which detects the 
absolute position in the optical axis direction of the 
variator lens unit 6, and Reference numeral 14 shows a motor, 
which drives the focus lens unit 7. Here, though "VCM" 
(voice coil motor) is indicated in presumption of a linear 
actuator, a step motor, etc., may be used instead. 
[0054] Reference numeral 15 shows an encoder which detects 
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the absolute position in the optical axis direction of the 
focus lens unit 7. Reference numeral 16 shows a zoom key 
provided in the camera body and is structured as a seesaw 
switch, etc., which is operated in two different directions. 
The zoom key 16 outputs a zoom drive signal in accordance 
with the operation, and returns to a neutral position when 
not being operated. 

[0055] Reference numeral 17 shows an image pickup element, 
such as a CCD, CMOS sensor, etc., and photoelectrically 
converts an optical image that is formed by the above - 
described optical system and outputs the image signal to a 
signal processing system / recording system 41. 
[0056] As the above -described absolute rotation position 
encoder 8, for example, a structure, wherein a multi- 
rotation type potentiometer is coupled and driven via a gear 
train by an inner gear provided in the zoom ring 1 , may be 
employed. A structure, wherein the rotation of the zoom 
ring 1 is converted to rectilinear movement and coupled with 
a linear type potentiometer, is also possible. A structure 
having a circuit, which, after the zoom ring 1 is positioned 
at a priorly determined starting position, continuously 
counts the pulses generated from the pulse encoder due to 
rotation of the zoom ring 1 and thereby outputs position 
information on (a signal for detecting the position of) the 
zoom ring 1, may also be used. 
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In the following, a description shall be provided for the 
case where the absolute rotation position encoder 8 is of 
this type that outputs position information. 

[0057] In a case where a stepping motor is used as the 
drive source, each of the zoom encoder 13 and the focus lens 
position detection encoder 15 may be a pulse counting type 
encoder having a structure with which, after the lens unit 
is positioned at a predetermined starting position based on 
an output change of an unillustrated start position switch 
(reset switch), the drive pulses of the step motor are 
counted continuously to output position information 
corresponding to the position (a signal for detecting the 
position) of the lens unit. 

[0058] Also, an encoder may be structured with a magnetic 
scale that is long in the optical axis direction and a fixed 
magnetic sensor so that a signal (signal for detecting the 
position) is output in accordance with the magnetic 
variation due to movement of the lens unit . In the 
following, a description shall be provided with these 
encoders 13 and 15 being of the above-described type that 
outputs position information. 

[0059] The actions of the optical apparatus of the above- 
described embodiment shall now be described. 

[0060] First, a case where an operator performs a manual 
zooming operation shall be described. 
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[0061] When an operator rotates the zoom ring 1, position 
information (information indicating the movement amount or 
the movement position) on the zoom ring 1 is output from the 
absolute rotation position encoder 8 . This position 

information is transmitted to the controller 10. At the 
controller 10, the rotation position of the zoom ring 1 is 
detected based on this position information* The controller 
10 then moves the position of the variator lens unit 6 to an 
optimal position (the new focal length indicated by the zoom 
ring 1) using the information of the zoom encoder 13 and 
using the zoom motor 12 so as to follow with (correspond to) 
the position of the zoom ring 1. At the same time, for a 
zoom tracking operation (compensation of the image plane 
variation that accompanies the magnification changing 
movement ) , the focus lens unit 7 is likewise driven by the 
encoder 15 and the motor 14 and based on the information in 
the locus memory 11 to a position at which the in- focus 
state will be maintained. The state in which zooming 
operation of the optical system (movement of the variator 
lens unit 6 and focus lens unit 7) is performed to a 
position corresponding to the position of the zoom ring 1 is 
thus attained. 

[0062] As the zoom motor 12 and focus motor 14, motors or 
actuators of specifications enabling high-speed movement of 
the lens units are preferably selected so that the zoom ring 



CFV00115_AAFA 



" 22 " 

1 can be followed even when it Is rotated at high speed. 
Also, the zoom ring 1 may be structured with the rotational 
torque being controlled to a suitable value by grease , etc . , 
so that a suitable resisting sensation (good operating 
sensation for manual operation) will be provided and 
operation of excessively high speed will be prevented. 
[0063] Next, a case where the zoom key 16 is operated 

(power zoom operation) shall be described. 

[0064] When the zoom key 16 is operated by operation of 
the operator, the controller 10 drives the zoom ring drive 
motor 5 in accordance with the operation of the zoom key 16 . 
For example, if an instruction to zoom in the wide angle to 
telephoto direction at the fastest speed (a plurality of 
speed settings may be set in accordance with the pressing 
amount of the zoom key 16) is provided to the controller 10 
from the zoom key 16 and the zoom ring drive motor 5 is a 
stepping motor, the motor is driven at a pulse input 
interval corresponding to the "fastest speed" which is 
priorly set. In the case of a DC motor, the motor is driven, 
for example, with the ON/OFF proportion of the application 
voltage being set to a proportion (for example, ON 100%, OFF 
0%) corresponding to the m fastest speed" which is priorly 
set. Here, the "fastest speed" refers to the maximum speed 
in the drive control using the motor 5 and is set to an 
optional speed. 
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[0065] The current rotation position of the zoom ring 1 is 
detected constantly (at each preset sampling period) by 
means of the position information from the absolute rotation 
position encoder 8. The position information from the 
encoder 8 (information on the current position of the zoom 
ring) is output to the controller 10. In accordance with 
the detected rotation position of the zoom ring 1 , the 
controller 10 moves the variator lens unit 6 to the position 
corresponding to the current position of the zoom ring 1 by 
means of the zoom motor 12 and the zoom encoder 13. Also at 
the same time, for the zoom tracking operation (compensator 
action), the focus lens unit 7 is moved to a suitable 
position in a tracking manner by the driving of the focus 
motor 14 and the output of the focus lens position encoder 
15. 

[0066] Here, if the zoom ring 1 for example is held by the 
operator when the zoom key 16 is operated, the zoom ring 
drive motor 5 cannot drive even though it attempts to drive 
(the motor 5 becomes locked or slips due to an unillustrated 
clutch) and consequently, the zoom ring 1 does not rotate. 
Since the absolute rotation position encoder 8 detects the 
position at which the zoom ring 1 did not rotate, the 
zooming operation is not performed. 

[0067] Thus with the present embodiment, the focal length 
indication of the zoom ring 1 and the actual state of the 
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focal length of the Image -taking lens can be put constantly 
in a substantially corresponding state of low deviation so 
as to enable the focal length to be maintained as it is 
indicated and in accordance with the intention of the 
operator. 

[0068] The operation of the controller 10 in the above- 
described manual zooming operation and the power zooming 
operation shall now be described using the flowcharts of 
Figs. 2 and 3. 

[0069] Fig. 2 is a flowchart showing the operation of the 
controller 10 during operation of the zoom key 16 (power 
zoom operation). In Fig. 2, the operation is started in 
step (indicated as S in the Figure) 201 when the power of 
the image-taking apparatus, etc., is turned ON, etc. 
[0070] In step 202, whether or not operation of the zoom 
key 16 is occurred is detected. In a case of a video camera, 
this detection is performed at a sampling period (a field 
period of 1/60 seconds in the case of an NTSC television 
system and 1/50 seconds in the case of a PAL system, or at a 
period of even higher rate). When the zoom key 16 is 
operated, the Yes judgment is made in step 202 and step 203 
is entered. 

[0071] In step 203, the operation direction and speed 

(operation amount) of the zoom key 16 are detected. In many 
cases where the zoom key 16 is a seesaw switch, structures 
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are made so that a higher zoom speed is set the deeper the 
amount by which the key is pressed or the stronger the 
pressure by which the key is pressed. 

[0072] In step 204, the zoom ring drive motor 5 is driven 
in the predetermined direction under the predetermined drive 
conditions based on the contents detected in step 203. 
[0073] The operation of the controller 10, which is 

performed when a zooming operation of moving the variator 
lens unit 6 and the focus lens unit 7 in accordance with the 
displacement (movement) of the zoom ring 1 is performed, 
shall now be described using the flowchart of Fig. 3. The 
operation of Fig. 3 is performed both in a case where the 
zoom ring 1 is rotated by the operation of the zoom key 16 
(power zoom operation) as described using Fig. 2 and in a 
case where the zoom ring 1 is operated manually by an 
operator. 

[0074] In Fig. 3, the present operation is started in step 
301 when the power of the image -taking apparatus is turned 
ON, etc.. In step 302, the output of the absolute rotation 
position encoder 8 and the output of the zoom encoder 13 are 
read as mentioned above at the sampling period and the 
difference between these outputs is calculated. 
[0075] Here, the "difference" is the difference between 
the value (converted position information) resulting from 
the conversion of the position information from the absolute 
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rotation position encoder 8 to the position information that 
should be obtained from the zoom encoder 13 and the actual 
position information that is obtained from the zoom encoder 
13. The controller 10 has stored, in advance in a memory 
10a inside the controller 10 shown in Fig, 1, data (table 
data, etc.) or a calculation formula for conversion of the 
position information from the absolute rotation position 
encoder 8 to the position information that should be 
obtained from the zoom encoder 13, in other words, the 
information indicating the relationship (correspondence) 
that should hold primarily for the position information of 
the zoom ring 1 and the position information of the variator 
lens unit 6 . 

[0076] When the difference between the converted position 
information and the actual position information from the 
zoom encoder 13 is zero, that is # when the position 
information of the absolute rotation position encoder 8 and 
the position information of the zoom encoder 13 are in the 
"relationship (correspondence) that should hold", the focal 
length indication at the zoom ring 1 will be in a state of 
correspondence with the position of the variator lens unit 
106. This means that, for example, when the zoom ring 1 is 
at the wide angle end position, the focal length of the 
optical system (the position of the variator lens unit 6) is 
also at the wide angle end position. 
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[0077] In step 303, It is judged whether the difference 
calculated in step 302 is zero or within a minute amount 
corresponding to predetermined dead zones (dead zones in 
terms of operation that are provided at the ends of the 
operating range of the zoom ring 1 in accordance with 
optically allowable errors or dead zones in terms of 
detection of the encoders 8 and 13, etc.)* or there is a 
difference. When the difference is zero or within the 
minute amount, step 304 is entered and the zoom motor 12 is 
stopped. 

[0078] When the difference is not zero or exceeds the 

minute amount in step 303, step 305 is entered and the zoom 
motor 12 is driven so that this difference becomes zero or 
falls within the minute amount . At the same time, for the 
zoom tracking operation (compensator action), the focus lens 
unit 7 is moved to an appropriate position in a tracking 
manner by using the focus motor 14 and the focus lens 
position encoder 15. The state in which zooming operation 
of the optical system (movement of the variator lens unit 6 
and focus lens unit 7) is carried out to a position that 
corresponds to the position of the zoom ring 1 is thus 
attained. 

[0079] Since the operation of the flowchart shown in Fig. 
3 is performed constantly (at the sampling period), it is 
carried out when the zoom ring 1 is rotated by operation of 
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the zoom key 16 and by manual operation by the operator. 
Also, even if the zoom key 16 or the zoom ring 1 is not 
operated, this operation is performed immediately when the 
position information of the absolute rotation position 
encoder 8 and the position information of the zoom encoder 
13 deviates from the "relationship that should hold." 
[0080] Thus with this embodiment, the optical system 

(varlator lens unit 6 and focus lens unit 7) is put in the 
state where it is positioned by zooming operation at a 
position corresponding to the position of the zoom ring 1. 
The focal length indication of the zoom ring 1 and the state 
of the actual focal length of the optical system can thus be 
put constantly in a substantially corresponding state of low 
deviation so as to enable the focal length to be maintained 
as it is indicated. 
[0081] (Embodiment 2) 

Fig. 4 is a block diagram for describing Embodiment 2 of 
an optical apparatus of the present invention and shows 
Embodiment wherein the invention is applied to a focus 
mechanism of a digital still camera, video camera, or other 
image-taking apparatus equipped with a rear focus zoom lens 
optical system. The 4 -unit rear focus zoom type optical 
system described with Fig. 1 is also applied in the present 
embodiment. However in Fig. 4 # the focus lens unit is 
illustrated and the other lens units are omitted from 
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illustration. In Fig. 4, the components that are the same 
as those of Fig. 1 are provided with the same Reference 
numerals and description thereof shall be omitted. 
[0082] In Fig. 4, Reference numeral 21 shows a focus ring 
which is an operating member that is manually operated 
rotatingly by an operator. Like the zoom ring 1 of Fig. 1, 
the focus ring 21 rotates within a rotation angle range 
(movable range) 22 and is provided with an infinity end 23 
and a near (minimum object distance) end 24. Like the zoom 
ring 1, a distance scale 21a, indicating, for example, 8, 
10m, 5m, lm, etc., is displayed by stamping, printing, etc., 
on the focus ring 1. A mark 21b is provided on a fixed lens 
barrel (not shown) that rotatably supports the focus ring 21 
and the ™in-focus distance" at which the focus is set can be 
read from the distance scale 21a and the mark 21b. 
[0083] Reference numeral 18 shows an absolute rotation 

position encoder that outputs a signal for detecting the 
rotation position (absolute position) of the focus ring 21, 
Reference numeral 19 shows a micro angular displacement 
detection pulse encoder, which is provided as necessary to 
detecting the micro rotation angle of the focus ring 21, and 
Reference numeral 25 shows a focus ring drive motor. 
[0084] When the focus lens unit 7 needs to be driven for 
an autofocus operation, a controller 10 drives the focus 
ring drive motor 25 in accordance with the drive details. 
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The actual position of the focus ring 21 is detected by the 
signal from the absolute rotation position encoder 18 and 
the focus motor 14 is driven so that the focus lens unit 7 
is positioned at the position corresponding to the detected 
position of the focus ring 21. 

[0085] Here, in the case of a rear focus lens or an inner 
focus lens, since even if the focus lens unit 7 is at the 
same position along the optical axis, the in-focus distance 
will differ according to the focal length (zoom position), 
the focal length information from the zoom encoder 13 is 
constantly taken in by the controller 10. 

[0086] The autofocus operation and the operation during a 
manual focus operation shall now be described. 
[0087] Fig. 5 is a flowchart illustration the operation of 
the controller 10 during the autofocus operation. 
[0088] In Fig. 5, starting is performed in step 501. In 
step 502 , the direction and speed for driving the focus lens 
unit 7 for the autofocus operation are determined. Here, 
the contents are determined according to predetermined 
conditions, such as a change observed in a signal indicating 
the focusing state for in-focus position search by a 
television signal autofocus operation (in many cases, this 
signal is of a value resulting from the extraction of high- 
frequency components contained in the video signal). Then 
in step 503, the focus ring drive motor 25 is driven to 
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drive the focus ring 21 in accordance with the conditions 
determined in step 502. 

[0089] The operation of the controller 10, which are 

performed when a focusing operation of moving the focus lens 
unit 7 in accordance with the displacement (movement) of the 
focus ring 21 is performed, shall now be described using the 
flowchart of Fig. 6. The operation of Fig. 6 is performed 
both in a case where the focus ring 21 is rotated by the 
autofocus operation as described using Fig. 5 and in a case 
where the focus ring 21 is operated manually by an operator. 
[0090] In Fig. 6, starting is performed in step 601. In 
step 602, the output of the absolute rotation position 
encoder 18 (position information) and the output of the 
focus lens position detection encoder 15 (position 
information) are read (detected) at the sampling period and 
the difference between these outputs is calculated. 
[0091] Here, the "difference" is the difference between 
the value (converted position information) resulting from 
the conversion of the position information from the absolute 
rotation position encoder 18 to the position information 
that should be obtained from the focus lens position 
detection encoder 15 in consideration of the focal length 
information obtained from the zoom encoder 13 and the actual 
position information that is obtained from the focus lens 
position detection encoder 15. The focal length information 



CFV00115 AAFA 



- 32 - 

is considered since, with a rear focus zoom or inner focus 
zoom lens, the in-focus distance differs for the same 
position of focus lens unit 7 if the focal length differs. 
[0092] The controller 10 has stored, in advance in the 
memory 10a inside the controller 10 shown in Fig. 4, data 
(table data, etc.) or a calculation formula for conversion 
of the position information from the absolute rotation 
position encoder 18 to the position information that should 
be obtained from the focus position detection encoder 15, in 
other words, the information indicating the relationship 
(correspondence) that should hold primarily for the position 
information of the focus ring 21 and the position 
Information of the focus lens unit 7 . 

[0093] When the difference between the converted position 
information and the actual position information from the 
focus lens position detection encoder 15 is zero, that is, 
when the position information of the absolute rotation 
position encoder 18 and the position information of the 
focus lens position encoder 15 are in the "relationship 
(correspondence) that should hold", the in-focus distance 
indication at the focus ring 21 will be in a state of 
correspondence with the position of the focus lens unit 7 . 
[0094] Next in step 603, it is judged whether or not the 
difference between position information is zero or no more a 
predetermined minute amount (threshold value). When the 
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difference is zero or within the range of the predetermined 
minute amount, step 604 is entered and the focus motor 14 is 
stopped. When the difference is not zero or exceeds the 
predetermined minute amount, step 605 is entered and the 
focus lens unit 7 is driven by the focus motor 14 so that 
this difference becomes zero or equal to or less than the 
predetermined minute amount . 

[0095] Thus with this embodiment, the focus lens unit 7 is 
put in the state where it is moved to a position 
corresponding to the position of the focus ring 21. The 
distance indication of the focus ring 21 and the actual 
distance state of the focus lens 7 can thus be put 
constantly in a substantially corresponding state of low 
deviation so as to enable the in-focus distance to be 
maintained as it is indicated. 

[0096] Since the operation of the flowchart shown in Fig. 
6 is performed constantly (at the sampling period), it is 
carried out immediately when the focus ring 21 is operated 
by the autofocus operation and by manual operation by an 
operator. Also, even if autofocusing is not performed or 
the focus ring 21 is not operated, this operation is 
performed immediately when the position information of the 
absolute rotation position encoder 18 and the position 
information of the focus lens position detection encoder 15 
deviates from the "relationship that should hold." 
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[0097] (Embodiment 3) 

Though the above -described Embodiment 2 is structured so 
that the positional relationship of the focus lens unit 7 
and the focus ring 21 is matched constantly, in an actual 
case of controlling the driving of a focus lens unit, the 
depth of field becomes extremely deep at the wide angle side 
focal length in particular. Especially with CCD's and other 
image pickup elements becoming as compact as they have in 
recent years, cases may occur where, the minimum object 
distance becomes, for example, 1m or even less depending on 
the stop value (narrow aperture), with the infinite distance 
being set as the far point of the depth of field at the wide 
angle end. Due to this circumstance, if in performing a 
"wobbling operation" (an operation wherein the focus lens 
unit is vibrated back and forth by a minute amount in the 
optical axis direction and the variation of the high 
frequency component in the video signal that is synchronized 
with this vibration is determined to determine the out -of - 
focus direction, that is, whether the focusing state is the 
front focus state or the back focus state), which is a well- 
known operation for autofocusing using television signals, 
an attempt is made to make the focus ring indication 
correspond correctly to the in- focus distance without 
considering the depth of field, the focus ring will have to 
be reciprocated frequently at high speed and within a large 



CFV00115 AAFA 



- 35 - 

rotation range, thus making tracking practically impossible. 
Vibration noise will also be generated. 

[0098] Thus in consideration of the above point, with the 
present embodiment, in step 603 of Fig. 6, the threshold 
value for judging that there is a difference between the 
detection results of the absolute rotation position encoder 
18 and the focus lens position detection encoder 15 is set 
so that such a response (a situation where just the focus 
ring is driven violently even though focus is attained) will 
not occur. 

[0099] The focus ring 21 may also be structured so as not 
to respond (not to be driven) during the above -described 
wobbling operation (while the wobbling drive signal is being 
output). In this case, the wobbling operation is excluded 
from the operation to be considered in step 502 in Fig. 5. 
The focus ring 21 (that is, the focus ring drive motor 25) 
is thus driven in response only to the focus drive signal (a 
first signal) and does respond to the wobbling drive signal 
(a second signal) . On the other hand, the focus lens unit 7 
is driven by the focus motor 14 in response to the wobbling 
drive signal. 
[0100] (Embodiment 4) 

Fig. 7 is a block diagram for describing Embodiment 4 of 
an optical apparatus of the present invention and shows 
Embodiment wherein the invention is applied to a camera 
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system (optical apparatus) structured from an 
interchangeable lens and an image -taking apparatus (digital 
still camera, video camera, etc.) to which this 
interchangeable lens can be mounted. In Fig. 7, components 
that are the same as those of Fig. 1 are provided with the 
same Reference numerals and description thereof shall be 
omitted. 

[0101] In Fig. 7, the boundary between the interchangeable 
lens and the image -taking apparatus (camera) to which this 
interchangeable lens can be mounted is indicated by broken 
lines . 

[0102] Reference numeral 36 shows an electrical contact 
provided at mount portions of the interchangeable lens and 
the camera. A camera controller (signal output unit) 32 
which is a control circuit at the camera side, and a lens 
controller 31 which is a control circuit at the lens side, 
communicate with each other via the contact 36 and through a 
camera side communication path 35 and a lens side 
communication path 35. A receiving circuit at the lens side 
is structured from the electrical contact 36 and the lens 
side communication path 34. Also, power from the camera is 
supplied to the lens via the contact 36. 

[0103] Reference numeral 33 shows an electronic viewfinder 
(EVF), which is structured from a liquid crystal panel, etc., 
to display the image signal taken by an image pickup element 
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17 and display various contents, such as focal length 
information, in-focus distance information, etc. 
[0104] The operation of this embodiment shown in Fig. 7 is 
the same as the operation illustrated in the flowcharts of 
Figs . 2 and 3 , which have been described for Embodiment 1 . 
Here, Figs. 2 and 3 shall be used to describe the operation 
of the present embodiment while clarifying the controller 
which performs the operation of the respective steps. 
[0105] The flowchart of Fig. 2 shall be used to describe 
the operation of the camera controller 32 and the lens 
controller 31 in accordance with the operation of the zoom 
key 16 (power zoom operation) of the present embodiment. 
[0106] First, when the zoom key 16 that is provided at the 
camera side is operated (step 202), the operation direction 
information and speed information based on the operation of 
the zoom key 16 are detected by the camera controller 32 
(step 203), and the results are converted into predetermined 
signals as necessary and transmitted from the camera 
controller 32 to the lens controller 32 via the contact 36. 
[0107] Upon receiving these pieces of information, the 

lens controller 31 drives the zoom ring drive motor 5 to 
perform rotation drive of the zoom ring 1 (step 204). 
[0108] Next, the flowchart of Fig. 3 shall be used to 

describe the operation of the lens controller 31 during the 
zooming operation of moving the variator lens unit 6 and the 
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focus lens unit 7 in accordance with the displacement 
(movement) of the zoom ring 1 in the present embodiment. 
The operation of Fig. 3 is performed both in the case where 
the zoom ring 1 is rotated by the operation of the zoom key 
16 (power zoom operation) as described using Fig. 2 above 
and in the case where the zoom ring 1 is operated manually 
by an operator. All of the flow shown in Fig. 3 is 
performed at the lens controller 31. 

[0109] In Fig. 3, starting is performed in step 301. In 
step 302, the output of the absolute rotation position 
encoder 8 and the output of the zoom encoder 13 are read as 
mentioned above at the sampling period, and the difference 
between these outputs is calculated. Here the "difference" 
is the same as that described for Embodiment 1 . 
[0110] In step 303, the lens controller 31 judges whether 
the difference calculated in step 302 is zero or within a 
minute amount corresponding to a predetermined dead zone, or 
there is a difference. When the difference is zero or 
within the minute amount, step 304 is entered and the zoom 
motor 12 is stopped. When the difference is not zero or 
exceeds the minute amount in step 303, step 305 is entered 
and the zoom motor 12 is driven so that this difference 
becomes zero or falls within the minute amount. 
[0111] At the same time, for the zoom tracking operation 
(compensator action), the focus lens unit 7 is moved to an 
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appropriate position in a tracking manner by using the focus 
motor 14 and the focus lens position encoder 15. The state 
in which zooming operation of the optical system (movement 
of the variator lens unit 6 and focus lens unit 7) is 
carried out to a position that corresponds to the position 
of the zoom ring 1 is thus attained. 

[0112] Since the operation of the flowchart shown in Fig. 
3 are performed constantly (at the sampling period), it is 
carried out immediately when the zoom ring 1 is operated by 
the operation of the zoom key 16 and by manual operation by 
the operator. 

[0113] With the present embodiment, the detection result 
of the signal from the absolute rotation position encoder 8 
that indicates the position of the zoom ring 1, that is, the 
information indicating the current focal length is 
communicated from the lens controller 31 to the camera 
controller 32 via the contact 36. Upon receiving this 
information, the camera controller 32 displays the 
information concerning the focal length on the EVP 33. The 
display on the EVF 33 may be carried out not only in this 
embodiment's camera system, which combines an 
interchangeable lens and a camera, but may also be carried 
out in the image- taking apparatuses of Embodiments 1 to 3 
described above. 

[0114] Thus with this embodiment, the optical system 
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(variator lens unit 6 and focus lens unit 7) is positioned 
by zooming operation at a position corresponding to the 
position of the zoom ring 1. The focal length indication of 
the zoom ring 1 and the state of the actual focal length of 
the optical system can thus be put constantly in a 
substantially corresponding state of low deviation so as to 
enable the focal length to be maintained as it is indicated 
by the scale la and the mark lb or on the EVF 33. 
[0115] Though with each of Embodiments described above, a 
case where a ring-shaped member is used as the operating 
member, a scale is formed on this operating member, and a 
mark is provided at the fixed member side to indicate the 
focal length or in-focus distance is described, as long as 
the movable range is limited by mechanical ends, the 
operating member does not have to be of a ring shape and, 
for example, may be a sliding knob that moves rectilinearly 
or other type of operating member. Also, though these 
embodiments are structured so that the indication and the 
actual state of the lens (focal length or in-focus distance) 
are matched constantly, even if for example there is no 
indication, it is sufficient that the position within the 
movable range of the operating member is matched with the 
state of the lens (lens position). 

[0116] Also, though with each of Embodiments described 

above, a structure using a rear focus (inner focus) zoom 
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lens having a 4 -unit lens structure was described, the 
present invention may also be applied to the optical systems 
of front focus type zoom lenses and of multiple lens unit 
rear focus (inner focus) zoom lenses with 3 lens units or 5 
lens units, etc. 

[0117] As described above, with Embodiments 1 to 4, the 
correspondence between the movement of a movable lens and 
the operating position of an operating member can be 
maintained and the operability can be improved. 
[0118] (Embodiment 5) 

Fig. 8 shows a block diagram for describing an image- 
taking apparatus of Embodiment 5 of an optical apparatus of 
the present invention and this embodiment is an example 
wherein the invention is applied to a zoom mechanism of a 
digital still camera, video camera, or other image -taking 
apparatus equipped with a rear focus zoom lens optical 
system. With this embodiment's image-taking apparatus, the 
main camera body part is provided with an integral lens part . 
The basic structure of this embodiment's image-taking 
apparatus is the same as that described for Embodiment 1, 
and the components that are in common to those of Embodiment 
1 are provided with the same Reference numerals and 
description thereof shall be omitted. 

[0119] Reference numeral 48 shows a clutch mechanism 

(switching mechanism), which is switchable between a 
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transmitting state, in which a drive force from the zoom 
ring drive motor 5 is transmitted to the zoom ring 1 , and a 
non- transmitting state, in which this drive force is not 
transmitted. 

[0120] Here, in a case where clutch mechanism 48 is 

structured as a gear train from the zoom ring drive motor 5 
to the zoom ring 1, a structure, which can be switched 
between a state wherein two of the gears in the gear train 
are engaged (transmitting state) and a state wherein the two 
gears are disengaged (non- transmitting state) , may be used. 
Also, a structure, which can be switched between a state 
wherein a member to which the drive force from the motor 5 
is input using an electromagnetic force is connected with a 
member that outputs to the zoom ring 1 (transmitting state) 
and a state wherein the two members are disconnected (non- 
transmitting state), may also be used. 

[0121] Furthermore, even in a case where an input side 
member and an output side member are connected constantly, a 
structure, which can be switched between a state wherein the 
connection torque is large so that the required torque can 
be transmitted from an input side member to an output side 
member (transmitting state) and a state wherein the 
connection torque is small so that the required torque 
transmission cannot be performed, may be used. 

[0122] The switching of this clutch mechanism 48 may be 
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performed by manual operation of a lever, etc., or by 

driving of an actuator upon operation of a switch. 

[0123] Reference numeral 49 shows a clutch detection 

switch which outputs a signal for detecting the 

transmitting/non- transmitting state of the clutch mechanism 

48. A contact type switch (for example, a micro switch) or 

a non-contact type switch (for example, a photolnterrupter ) 

may be used as the clutch detection switch 49. 

[0124] Reference numeral 33 shows an EVF of the same type 

as that described for Embodiment 2. 

[0125] The operation of the image- taking apparatus of the 
present embodiment shall now be described. First, a case 
where an operator performs a manual zooming operation shall 
be described. Though it is preferable, in terms of the 
operability of manual operation, for the clutch mechanism 48 
to be set to the non- transmitting state when an operator 
performs a manual zooming operation, a manual zooming 
operation may in some cases be performed with the clutch 
mechanism 18 being in the transmitting state. 

[0126] When the operator rotates the zoom ring 1, the 

rotation (movement amount, movement position) of the zoom 
ring 1 is detected by an absolute rotation position encoder 
8. The absolute rotation position encoder 8 transmits the 
detected Information (information on the movement amount or 
the movement position of the zoom ring 1) to the controller 
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10. 

[0127] The controller 10 uses this information and 

information from the zoom encoder 13 to drive the zoom motor 
12 so that the variator lens unit 6 moves to an optimal 
position at which the new focal length indicated by the zoom 
ring 1 is formed. At the same time, for the zoom tracking 
operation (compensation of the image plane variation that 
accompanies the magnification changing movement), the 
controller 10 uses information stored in the locus memory 11 
and information from the focus lens position detection 
encoder 15 to drive the focus motor 14 so that the focus 
lens unit 7 moves to a position at which the in-focus state 
will be maintained. The optical system (variator lens unit 
6 and focus lens unit 7) is thereby set at a zoom position 
corresponding to the position of the zoom ring 1 . 
[0128] As the zoom motor 12 and focus motor 14, motors or 
actuators of specifications enabling high-speed driving of 
the lens units are preferably selected so that the zoom ring 
1 can be tracked even when it is rotated at high speed. 
[0129] Also, the zoom ring 1 is preferably structured with 
the rotational torque being controlled to a suitable value 
by grease, etc., so that a suitable resisting sensation 
(good operating sensation for manual operation) will be 
provided and operation of excessively high speed will be 
prevented. 
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[0130] Next, a case where the zoom key 16 of this 

embodiment's image- taking apparatus is operated (power zoom 
operation) shall be described. 

[0131] When the zoom key 16 is operated by the operator, 
the controller 10 checks the signal from the clutch 
detection switch 49 and detects whether the clutch mechanism 
48 is in the transmitting state or the non- transmitting 
state. 

[0132] When the clutch mechanism 48 is detected to be in 
the transmitting state, the controller 10 drives the zoom 
ring drive motor 5 in accordance with the operation of the 
zoom key 16. 

[0133] For example, if in the case of a structure in which 
the zoom speed can be set to any of a plurality of speed 
settings in accordance with the pressing amount or pressure 
of the zoom key 16, an instruction to zoom from the wide 
angle to telephoto direction at the fastest speed is 
provided to the controller 10 from the zoom key 16, and then 
the zoom ring drive motor (stepping motor) 5 is driven at a 
pulse input interval corresponding to the "fastest speed" 
which is prior ly set. If the zoom ring drive motor 5 is a 
DC motor, the DC motor is driven, for example, with the 
ON/OFF proportion of the application voltage being set to a 
proportion (for example, ON 100%, OFF 0%) corresponding to 
the "fastest speed" which is priorly set. 
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[0134] Here, the "fastest speed" refers to the maximum 
speed in the drive control using the motor 5 and is set to 
an optional speed. 

[0135] The detection of the rotation of the zoom ring 1 is 
performed constantly (at every preset sampling period to be 
described below) by the absolute rotation position encoder 8. 
Thus the rotation of the zoom ring 1 that is driven by the 
zoom ring drive motor 5 is also detected by the absolute 
rotation position encoder 8 - The output of the absolute 
rotation position encoder 8 (position information on the 
zoom ring 1) is output to the controller 10, and in 
accordance with this position information and the output 
(position information on the variator lens unit 6) from the 
zoom encoder 13, the controller 10 drives the zoom motor 12 
to move the variator lens unit 6 to the position 
corresponding to the position of the zoom ring 1. At the 
same time, for the zoom tracking operation (compensator 
operation), the focus lens unit 7 is driven by the focus 
motor 14 in the same manner as described above. 
[0136] Here, if the zoom ring 1 for example is held by the 
operator when the zoom key 16 is operated, the zoom ring 
drive motor 5 cannot drive even though it attempts to drive 
(the motor 5 becomes locked or slips due to the clutch 
mechanism 48) and consequently, the zoom ring 1 does not 
rotate. Since the absolute rotation position encoder 8 
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detects the position at which the zoom ring 1 did not rotate, 
the zooming operation is not performed. 

[0137] Thus with the present embodiment, zooming can be 
performed by operating either the zoom ring 1 or the zoom 
key 6 . 

[0138] On the other hand, when the clutch mechanism 48 is 
in the non- transmitting state, the input of the zoom key 16 
is ignored (made ineffective) and the driving of the zoom 
ring drive motor 5 in accordance with the signal input from 
the zoom key 16 is not performed. 

[0139] The driving of the zoom ring drive motor 5 in the 
state in which its driving force is not transmitted to the 
zoom ring 1 is thereby prevented to restrain wasteful 
consumption of the power (battery) of the image- taking 
apparatus . 

[0140] Also, structures may be made to display a warning 
on the screen of the EVF 33 to notify the operator that the 
clutch mechanism 48 is not in the transmitting state 
(zooming operation by operation of the zoom key 16 cannot be 
performed) in this case. A situation, wherein the operator 
does not notice that the clutch mechanism 48 is in the non- 
transmitting state and is unable to perform zooming no 
matter how much the zoom key 16 is operated and is thereby 
prevented from performing the desired image taking, can thus 
be avoided. 
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[0141] A structure Is also possible wherein. Instead of 
the above -described warning display, a warning sound is 
emitted. 

[0142] The operation of the controller 10 in the above- 
described manual zooming operation and the power zooming 
operation shall now be described using the flowchart of Fig. 
9. 

[0143] Fig. 9 is a flowchart illustrating the operation of 
the controller 10 related to the operation of the zoom key 
16 (power zoom operation). 

[0144] In Fig. 9, the present operation is started in step 
(indicated as S in the Figure) 901 when the power of the 
image-taking apparatus is turned ON, etc.. In step 902, the 
controller 10 detects whether or not operation of the zoom 
key 16 is occurred (whether or not a signal is input from 
the zoom key 16). 

[0145] In the case of a video camera, this detection is 
performed at the sampling period (a field period of 1/60 
seconds in the case of an NTSC television system and 1/50 
seconds in the case of a PAL system, or at a period of even 
higher rate) . 

[0146] When the zoom key 16 is operated, the controller 10 
enters step 903. In step 903, the signal from the clutch 
detection switch 49 is checked to judge whether or not the 
clutch mechanism 48 is in the transmitting state. When the 
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current state is judged to be the non- transmitting state, 
step 904 is entered, and a warning indication is performed 
on the screen of the EVF 33 as described above- When the 
clutch mechanism 48 is judged to be in the transmitting 
state in step 903, step 905 is entered, the sign (operation 
direction) and the magnitude (operation amount) of the 
signal from the zoom key 16 are detected, and the drive 
direction and drive speed of the zoom motor 12 to be 
described later are set accordingly* 

[0147] In many cases where the zoom key 16 is a seesaw 
switch, structures are made so that a higher zoom speed is 
set the deeper the amount by which the key is pressed or the 
stronger the pressure by which the key is pressed. 
[0148] In step 906, the zoom ring drive motor 5 is driven 
in and at the drive direction and drive speed set in step 
905. The zoom ring 1 is thereby rotated and the following 
operation is performed. 

[0149] The operation, which the controller 10 performs 

when a zooming operation (driving of the variator lens unit 
106 and the focus lens unit 7) is performed in accordance 
with the rotation (displacement) of the zoom ring 1, is the 
same as that described for Embodiment 1 using Fig. 3 and 
description thereof shall therefore be omitted. 
[0150] The state in which zoom movement of the optical 
system (variator lens unit 6 and focus lens unit 7) is 
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carried out to a position corresponding to the position of 
the zoom ring 1 is maintained with the present embodiment as 
well. The focal length indication of the zoom ring 1 and 
the actual state of the focal length of the optical system 
can thus be put constantly in a substantially corresponding 
state of low deviation so as to enable the focal length to 
be maintained as it is indicated. 
[0151] (Embodiment 6) 

Fig. 10 shows a block diagram for describing Embodiment 6 
of an optical apparatus of the present invention. This 
embodiment is an example wherein the Invention is applied to 
a focus mechanism of a digital still camera, video camera, 
or other image -taking apparatus equipped with a rear focus 
zoom lens optical system. The 4 -unit rear focus zoom type 
optical system is applied in the present embodiment as well. 
Also in Fig. 10, the focus lens unit 7 is illustrated and 
the other lens units are omitted from illustration. Also, 
the basic structure of this embodiment's image-taking 
apparatus is the same as that described with Embodiment 2 
and the components that are in common to those of Embodiment 
2 are provided with the same Reference numerals as those of 
Embodiment 2 and description thereof shall be omitted. 
[0152] In driving the focus lens unit 7 for an autofocus 
operation, the controller 10 first drives the focus ring 
drive motor 25 in accordance with preset drive details 
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(drive direction, drive speed, and drive amount). When the 
focus ring drive motor 25 is driven, the focus ring 21 
rotates, and the position of the focus ring 21 is detected 
via the absolute rotation position encoder 18 . The 
detection of the position of the focus ring 21 by the 
absolute rotation position encoder 18 is performed at each 
sampling period mentioned above. The focus motor 14 is then 
driven so that the focus lens unit 7 moves to the position 
corresponding to the detected position of the focus ring 21. 
[0153] Here, in the case of a rear focus lens or an inner 
focus lens, since even if the focus lens 7 is at the same 
position along the optical axis, the in-focus distance will 
differ according to the focal length (zoom position), the 
zoom lens unit position information (focal length 
information) from the zoom encoder 13 is taken in by the 
controller 10. 

[0154] A clutch mechanism 58 is disposed between the focus 
drive motor 25 and the focus ring 21 in the present 
embodiment as well. When the clutch mechanism 58 is in the 
transmitting state, the above-described autofocus operation 
can be performed since the drive force of the focus ring 
drive motor 25 can then be transmitted to the focus ring 21. 
[0155] Meanwhile, when the clutch mechanism 58 is put in 
the non- transmitting state, since the focus ring 21 is 
disengaged from the focus ring drive motor 25, the 
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operability of rotatingly operating the focus ring 21 
manually can be improved. 

[0156] As in Embodiment 5, the transmitting state 

(autofocus side) and the non- transmitting state (manual 
focus side) of this clutch mechanism 58 can be detected by a 
clutch detection switch 59. Also, as the clutch mechanism 
58, the same type of mechanism as the clutch mechanism 48 
described for Embodiment 5 can be used. 

[0157] The operation that the controller 10 performs 

during an autofocus operation shall now be described using 
the flowchart of Fig. 11. 

[0158] In Fig. 11, the present operation is started in 

step 1101 when the power of the image -taking apparatus is 
turned ON, etc.. In step 1102, the controller 10 checks the 
output of the clutch detection switch 59 and detects whether 
or not the clutch mechanism 58 is in the transmitting state. 
When the clutch mechanism 58 is in the non-transmitting 
state (manual focus side) step 1103 is entered, and as was 
described for Embodiment 5, that manual focus is selected 
(autofocus cannot be performed) is Indicated on the screen 
of the EVF 33 and a return to step 1102 is performed. 
[0159] Thus in the case where the clutch mechanism 58 is 
in the non- transmitting state which drives of the focus ring 
drive motor 25 in accordance with the signal input for the 
autofocus operation is not performed. 
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[0160] The driving of the focus ring drive motor 25 in the 
state in which its driving force is not transmitted to the 
focus ring 21 can thereby be prevented to restrain wasteful 
consumption of the power (battery) of the image-taking 
apparatus . 

[0161] Also, by a warning indication being displayed on 
the screen of the EVF 33 (or by output of a warning sound), 
a situation, wherein an operator, who is taking an image 
with the expectation that the autofocus operation will be 
performed, does not notice that the clutch mechanism 58 is 
in the non-transmitting state and takes an image that is not 
in focus, can be avoided, 

[0162] On the other hand, when the clutch mechanism 58 is 
detected to be in the transmitting state (autofocus side) , 
step 1104 is entered and the controller 10 determines the 
direction and speed for driving the focus lens unit 7 (the 
focus ring drive motor 25) for the autofocus operation. 
[0163] Here, the video signal that is used as the signal 
indicating the focusing state for in-focus position search 
by a so-called television signal autofocus operation (that 
is, used as a signal for focusing) (in many cases, this 
signal is of a value resulting from the extraction of high- 
frequency components contained in the video signal) is input 
from the signal processing/recording system 41 into the 
controller 10. The drive details (drive direction, speed, 
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and drive amount) of the focus lens unit 7 (focus ring drive 
motor 25) are determined under predetermined conditions so 
as to be of values that are suited, for example, for finding 
the position at which the value obtained by extraction of 
the high frequency components contained in the video signal 
will be maximized, 

[0164] Then in step 1105, the controller 10 drives the 
focus ring drive motor 25 and thereby rotates the focus ring 
21 in accordance with the conditions determined in step 1104, 
The operation described for Embodiment 2 using Fig. 6 is 
thereby carried out (the description thereof shall be 
omitted) . 

[0165] The state in which the focus lens unit 7 is moved 
to a position corresponding to the position of the focus 
ring 21 is maintained with this embodiment as well. The 
distance indication of the focus ring 21 and the actual in- 
focus distance state of the focus lens 7 can thus be put 
constantly in a substantially corresponding state of low 
deviation so as to enable the in- focus distance to be 
maintained as it is indicated. 

[0166] Though for the present embodiment, a case where the 
controller 10 is provided with the function of determining 
the drive details of the focus lens unit 7 (focus ring drive 
motor 25) for the autofocus operation was described, a 
circuit unit (signal output unit) having this function may 
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be provided apart from the controller 10, and signals In 
accordance with the determined drive details (signals for 
moving the focus lens 7) may be input from this circuit unit 
into the controller 10. 
[0167] (Embodiment 7) 

Fig. 12 shows a block diagram for describing a camera 
system (optical apparatus), which is Embodiment 7 of an 
optical apparatus of the present invention. As with 
Embodiment 4 , the present embodiment is an example wherein 
the invention is applied to an interchangeable lens 
apparatus that can be mounted to a camera (digital still 
camera or video camera) . The structure blocks are divided 
into those of the camera side and those of the lens side at 
the broken lines in Fig. 12 as the boundary, and these are 
joined by mount portions of the camera and interchangeable 
lens. Also in Fig. 12, the components that are in common to 
those of Embodiment 4 are provided with the same Reference 
numerals and description thereof shall be omitted. 
[0168] The operation of the lens controller 31 of this 
embodiment is the same as the operation described for 
Embodiment 5 using the flowchart of Fig. 9 and the operation 
described for Embodiment 1 using the flowchart of Fig. 3. 
Here, the operation of the lens controller 31 and the camera 
controller 32 shall be described using Figs. 9 and 3 upon 
clarifying the controller which performs the operation of 
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the respective steps. 

[0169] First, the operation of the lens controller 31 and 
the camera controller 32 that is carried out upon operation 
of the zoom key 16 (power zoom operation) of this embodiment 
shall be described using the flowchart of Fig. 9. 
[0170] When the power of the camera is turned ON, the 
present flow is started at step 901. When in step 902, the 
camera controller 32 detects the input of an operation 
signal from the zoom key 16 that is provided at the camera 
side, the camera controller 32 sets the zoom direction and 
zoom speed from the operation signal, and upon converting, 
etc., the information on the set zoom direction and zoom 
speed as necessary into predetermined signals, sends the 
signals to the lens controller 31 via the contact 36 and 
communication paths 34 and 35. 

[0171] Next, upon receiving the information on the zoom 
direction and the zoom speed, the lens controller 31 checks 
the signal from the clutch detection switch 49 and detects 
whether or not the clutch mechanism 48 is in the 
transmitting state in step 903. When the clutch mechanism 
is detected to be in the non- transmitting state, the lens 
controller 31 does not perform driving of the zoom ring 
drive motor 5 in accordance with the input of information on 
the zoom direction and the zoom speed from the camera 
controller 32. Also at this time, the lens controller 31 
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sends information indicating that the clutch mechanism 48 is 
in the non-transmitting state to the camera controller 32. 
Upon receiving this information, the camera controller 32 
performs a warning indication on the EVF 33 (step 904). 
[0172] The driving of the zoom ring drive motor 5 in the 
state in which its driving force is not transmitted to the 
zoom ring 1 can thereby be prevented to restrain wasteful 
consumption of the power (battery) of the camera. 
[0173] Also, by a warning indication being made to be 

displayed on the screen of the camera's EVF 33 in accordance 
with the signal from the lens controller 31, a situation, 
wherein the operator does not notice that the clutch 
mechanism 48 is in the non-transmitting state and is unable 
to perform zooming no matter how much the zoom key 16 is 
operated and is thereby prevented from performing the 
desired image taking, can be avoided. 

[0174] On the other hand, when in step 903, the clutch 
mechanism 48 is detected to be in the transmitting state by 
the signal from the clutch detection switch 49, step 905 is 
entered. 

[0175] In step 905, the lens controller 31 determines the 
drive direction and drive speed of the zoom ring drive motor 
5 based on the zoom direction and zoom speed information 
sent from the camera controller in step 902. 

[0176] The lens controller 31 then drives the zoom ring 
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drive motor 5 in and at the zoom direction and zoom speed 
set in step 905. The zoom ring 1 is thereby rotated and the 
following operation is carried out. 

[0177] Fig. 3 illustrates the operation that the lens 

controller 21 performs when the variator lens unit 6 and the 
focus lens unit 7 are moved in accordance with the rotation 
(displacement) of the zoom ring 1. The operation of Fig. 3 
is performed in both the case where the zoom ring 1 is 
rotated by the driving of the zoom ring drive motor 5 in 
accordance with the operation of the zoom key 16 (power zoom 
operation) as described above and the case where the zoom 
ring 1 is manually operated by the operator, and the 
operation is performed by the lens controller 31. 
[0178] In Fig. 3, the present flow is started in step 301 
when the power of the camera is turned ON. In step 302, the 
lens controller 31 reads, at the sampling period, the output 
(position information) of the absolute rotation position 
encoder 8 and the output (position information) of the zoom 
encoder 13, and calculates the difference between these 
outputs. Here, the "difference" is the same as that 
described for Embodiment 1. 

[0179] In step 303, the lens controller 31 judges whether 
or not the difference calculated in step 302 is of a 
magnitude that is equal to or more than a predetermined 
value that was set priorly in consideration of the allowable 



CFV00115_AAFA 



- 59 - 

error in the same manner as in Embodiment 1 (judges whether 
or not there is a difference). When there is a difference, 
that is, when the position of the zoom ring 1 (focal length 
indication) and the position of the variator lens unit 6 are 
in a state that deviates from the "relationship 
(correspondence) that should hold", step 305 is entered. 
[0180] In step 305, the zoom motor 12 is driven in the 
direction of eliminating (decreasing) the difference at a 
speed that is in accordance with the magnitude of the 
difference. At the same time, for the zoom tracking 
operation (compensator operation), the focus motor 14 is 
driven to move the focus lens unit 7 . Thereafter a return 
to step 302 is performed. 

[0181] In step 302, the output of the absolute rotation 
position encoder 8 and the output of the zoom encoder 13 are 
read again to judge whether or not there is a difference 
between the two. When it is judged that there is no 
difference, step 304 is entered and the zoom motor 12 and 
the focus motor 14 are stopped. The state in which zoom 
movement of the optical system (variator lens unit 6 and 
focus lens unit 7) is carried out to a focal length 
corresponding to the focal length indication after rotation 
(displacement) of the zoom ring 1 is thereby attained. 
[0182] The operation of the flowchart shown in Fig. 3 is 
performed constantly (at the sampling period), and even if 
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the zoom key 16 or the focus ring 21 is not operated, the 
operation is performed immediately when the position 
information from the absolute rotation position encoder 8 
and the position information from the zoom encoder 13 
deviates from the "relationship that should hold." 
[0183] With the present embodiment, the position 

information on the zoom ring 1 that is detected by the 
absolute rotation position encoder 8, that is, the 
information indicating the current focal length, is 
communicated from the lens controller 31 to the camera 
controller 32 via the contact 36. The camera controller 32 
receives this information and displays information 
concerning the focal length on the EVP 33. 

[0184] The display on the EVF 33 is not limited to this 
embodiment's camera system but may also be applied to the 
image-taking apparatuses of the Embodiments 5 and 6. 
[0185] The state in which zoom operator of the optical 
system (variator lens unit 6 and focus lens unit 7) is 
carried out to a position corresponding to the position of 
the zoom ring 1 is maintained with the present embodiment as 
well. The focal length indication at the zoom ring 1 and 
the actual focal length state of the optical system can thus 
be put constantly in a substantially corresponding state of 
low deviation and the focal length can be maintained as it 
is indicated by the zoom ring 1 and the EVF 33. 
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[0186] Though the zooming operation was described with the 
present embodiment, the same control as that described for 
Embodiment 6 may also be applied to the focusing operation 
of a camera system such as that of the present embodiment. 
In this case, the camera controller 32 is made to function 
as a signal output unit that sends a signal for moving the 
focus lens unit 7 (signal to be used for focusing) to the 
lens controller 31 based on the video signal from the signal 
processing/recording system 41, and the lens controller 31 
is made to drive the focus ring (21 of Fig. 10) in response 
to this signal under the condition that the clutch mechanism 
58 is in the transmitting state. 

[0187] Also, though with the above -described Embodiments 5 
to 7, cases were described where ring-shaped members are 
used as the operating members indicated as the zoom ring 1 
and the focus ring 21, a scale is formed on each such 
operating member, and a mark is provided on the fixed side 
to indicate the focal length or in-focus distance, the 
operating members of the present invention are not limited 
thereto and may be operating members of other forms as long 
as the operating range (movable range) is limited by 
mechanical ends structured by stoppers. For example, an 
operating member, such as a knob that slides rectilinear ly, 
etc., may also be used. 

[0188] Also, though with the respective embodiments 
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described above, structures are made to make the indications 
of the focal length and the in-focus distance on the 
operating members be matched constantly with the actual 
focal length and in-focus distance of the optical system, it 
is sufficient that structures be made so that predetermined 
positions within the operating ranges of the operating 
members be matched with the states (positions of the lens 
units) of the optical system. 
[0189] (Embodiment 8) 

Fig. 13 shows a block diagram for describing an image- 
taking apparatus (optical apparatus), which is Embodiment 8 
of the present invention. This embodiment is an example 
wherein the invention is applied to a zoom mechanism of a 
digital still camera, video camera, or other image -taking 
apparatus equipped with a rear focus zoom lens optical 
system. Whereas with Embodiments 4 to 7 described above, 
cases were described in which a clutch mechanism is switched 
manually or in accordance with a switch operation by the 
operator, with the present embodiment, an automatic 
switching unit is provided. 

[0190] This embodiment has an automatic switching unit 

(switching drive unit) 45 for the clutch mechanism 48 added 
to the image-taking apparatus shown in Fig. 8, and the 
components that are in common to those of Embodiment 5 are 
provided with the same Reference numerals and description 
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thereof shall be omitted. 

[0191] The clutch mechanism 48 is the same as that 

described for Embodiment 5 and can be switchingly operated 
from a transmitting state to a non-transmitting state and 
from the non-transmitting state to the transmitting state by 
manual operation of a lever by an operator or by an actuator 
drive that is carried out in accordance with a switch 
operation by the operator. In the present embodiment, the 
switching from the non- transmitting state to the 
transmitting state can also be performed by the automatic 
switching unit 45. 

[0192] In the case where the clutch mechanism 48 is 

switched by an operating lever, automatic switching unit 45 
comprises a switching drive actuator, which is mechanically 
connected to the operating lever, and a circuit that drives 
the switching drive actuator in accordance with a switching 
signal received from the controller 10. In a case where the 
clutch mechanism 48 is switched by an actuator drive in 
accordance with a switch operation, a circuit, which, 
regardless of the operation of the switch, drives the 
actuator of the clutch mechanism 48 in accordance with the 
switching signal received from the controller 10, is 
included. 

[0193] Fig. 14 is a flowchart illustrating the operation 
of the controller 10 that is performed in relation to the 
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operation of a zoom key 16 (power zoom operation) and 
include the switching operation by the automatic switching 
unit 45 of the clutch mechanism 48. 

[0194] In Fig. 14 , the present operation is started from 
step 1401 when the power of the image -taking apparatus is 
turned ON. In step 1402, the controller 10 detects whether 
or not operation of the zoom key 16 is occurred (whether or 
not a signal is input from the zoom key 16). When operation 
of the zoom key 16 is occurred, the controller 10 proceeds 
to step 1403. 

[0195] In step 1403, the signal from the clutch detection 
switch 49 is checked to judge whether or not the clutch 
mechanism 48 is in the transmitting state. When the clutch 
mechanism 48 is judged to be in the transmitting state, step 
1405 is entered. On the other hand, when the clutch 
mechanism 48 is judged to be in the non- transmitting state, 
the switching signal is output to the automatic switching 
unit 45 and the clutch mechanism 48 is switched from the 
non- transmitting state to the transmitting state. 
Thereafter, a return to step 1403 is performed. When 
whether or not the clutch mechanism 48 is in the 
transmitting state is then judged again from the signal from 
the clutch detection switch 49 in step 1403, since the 
clutch mechanism will now be in the transmitting state, step 
1405 is entered. 



CFV00115 AAFA 



- 65 - 

[0196] In step 1405 , the controller 10 detects the sign 
(operation direction) and magnitude (operation amount) of 
the signal from the zoom key 16 and accordingly determines 
the drive direction and drive speed of the zoom ring drive 
motor 5. 

[0197] In step 1406, the zoom ring drive motor 5 is driven 
in and at the drive direction and drive speed determined in 
step 1405. The zoom ring 1 is thereby rotated, and the 
operation described for Embodiment 1 using Fig. 3 or the 
operation illustrated by the flowchart of Fig. 15, which 
shall be described later for Embodiment 9, are carried out. 
[0198] Thus with the present embodiment since when the 
signal from the zoom key 16 is input (when the power zoom 
operation is performed) during the clutch mechanism 48 is in 
the non- transmitting state, the clutch mechanism 48 is 
automatically switched to the transmitting state. The 
operator is thereby not forced to perform the clutch 
switching operation. The operability of the image- taking 
apparatus can thus be improved. Also, even when an operator 
operates the zoom key 16 without noticing that the clutch 
mechanism 48 is in the non- transmitting state, the power 
zoom operation can be executed, thereby enabling the taking 
of an image in accordance with the intention of the operator. 
[0199] Though an integral lens type image- taking apparatus 
was described for the present embodiment, the same automatic 



CFV00115_AAFA 



- 66 - 

switching of the clutch mechanism may be carried out in an 
interchangeable lens apparatus in a camera system such as 
that described with Embodiment 7. Also, though the zooming 
operation was described with the present embodiment, the 
automatic switching of the clutch mechanism may also be 
applied to the focusing operation described with Embodiment 
6. 

[0200] (Embodiment 9) 

With each of Embodiments described above, when an 
operator performs a manual operation to make the zooming 
operation be performed, the zooming operation can be 
performed regardless of whether the clutch mechanism 48 is 
in the non- transmitting state or in the transmitting state. 
However, as was described with Embodiment 1, since the 
rotational torque of the zoom ring 1 is controlled by grease, 
etc., so that a good manual operation sensation will be 
provided, if, when manual operation of the zoom ring 1 is 
performed, the good manual operation sensation is to be 
provided always, the clutch mechanism 48 must be put in the 
non- transmitting state. 

[0201] However, if the clutch mechanism 48 is structured 
to be switched by the operation of the operator, since the 
switching operation is troublesome, etc., there will be an 
inadequacy in terms of ease of use. 

[0202] Thus with the present embodiment, structures are 
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made so that when manual operation of the zoom ring 1 is 
performed when the clutch mechanism 48 is in the 
transmitting state, the clutch mechanism 48 is switched to 
the non- transmitting state automatically, 

[0203] Though the structure of this embodiment's image- 
taking apparatus is basically in common to that of 
Embodiment 8 shown in Fig. 13, with the present embodiment, 
the automatic switching unit 45 performs the operation of 
switching the clutch mechanism 48 from the transmitting 
state to the non- transmitting state. The operation of the 
present embodiment's image- taking apparatus shall now be 
described using Figs. 13 and 15 in combination. 
[0204] Fig. 15 is a flowchart illustrating the operation 
of the controller 10 that is performed in relation to a 
zooming operation performed in accordance with the rotation 
(displacement) of the zoom ring 1 and includes the switching 
operation by the automatic switching unit 45 for the clutch 
mechanism 45 in the image -taking apparatus that is 
Embodiment 9 of the present invention. 

[0205] In Fig. 15, the present operation is started from 
step 1501 when the power of the image-taking apparatus is 
turned ON. 

[0206] In step 1502, the controller 10 reads, at the 

sampling period, the output (position information) of the 
absolute rotation position encoder 8 and the output 
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(position information) of the zoom encoder 13, and 
calculates the difference between these outputs. Here, the 
"difference" is the same as that described for Embodiment 1. 
[0207] In step 1503, the controller 10 judges whether or 
not the difference calculates in step 1502 is of a magnitude 
that is equal to or more than a predetermined value that was 
set priorly in consideration of the allowable error in the 
same manner as in Embodiment 1 (judges whether or not there 
is a difference). When there is a difference, that is, when 
the position of the zoom ring 1 (focal length indication) 
and the position of the variator lens unit 6 are in a state 
that deviates from the "relationship (correspondence) that 
should hold", step 1504 is entered. 

[0208] In step 1504, the controller 10 judges whether or 
not the zoom ring drive motor 5 is being driven. This is 
done so as not to perform the below-described switching of 
the clutch mechanism 48 from the transmitting state to the 
non-transmitting state when the zoom ring drive motor 5 is 
being driven and the zoom ring 1 is being rotated due to 
operation of the zoom key 16. Here, the judgment of whether 
or not the zoom ring drive motor 5 is being driven may be 
made by judging whether or not the controller 10 is 
outputting a drive signal to the zoom ring drive motor 5. 
The judgment may also be made by judging whether or not a 
signal is being input from the zoom key 16 (whether or not 
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the zoom key 16 is being operated) . 

[0209] When the zoom ring drive motor 5 is not being 

driven, step 1505 is entered while when the zoom ring drive 
motor 5 is being driven, a skip to step 1509 is performed. 
[0210] In step 1505, the signal from the clutch detection 
switch 49 is checked to judge whether or not the clutch 
mechanism 48 is in the transmitting state. When the clutch 
mechanism is judged to be in the non- transmitting state, 
step 1509 is entered as it is. On the other hand, when the 
clutch mechanism is judged to be in the transmitting state, 
step 1506 is entered. 

[0211] In step 1506, the switching signal is output to the 
automatic switching unit 45 and the clutch mechanism 48 is 
switched from the transmitting state to the non-transmitting 
state. Thereafter, a return to step 1505 is performed. 
[0212] When whether or not the clutch mechanism 48 is in 
the transmitting state is then judged again from the signal 
from the clutch detection switch 49 in step 1505, since the 
clutch mechanism will now be in the non- transmitting state, 
step 1509 is entered. 

[0213] In step 1509, the zoom motor 12 is driven in the 
direction of eliminating (decreasing) the difference at a 
speed that is in accordance with the magnitude of the 
difference. At the same time, for the zoom tracking 
operation (compensator action), the focus motor 14 is driven 
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to move the focus lens unit 7 as described above. 
Thereafter a return to step 1502 is performed. 

[0214] In step 1502, the output of the absolute rotation 
position encoder 8 and the output of the zoom encoder 13 are 
read again to judge whether or not there is a difference 
between the two, and when it is judged that there is no 
difference, step 1508 is entered and the zoom motor 12 and 
the focus motor 14 are stopped. The state in which zoom 
operation of the optical system (variator lens unit 6 and 
focus lens unit 7) is performed to a focal length 
corresponding to the focal length indication after rotation 
(displacement) of the zoom ring 1 is thereby attained. 
[0215] The operation of the flowchart shown in Fig. 15 is 
performed constantly (at the sampling period), and even if 
the zoom key 16 or the zoom ring 1 is not operated, these 
operation is performed immediately when the position 
information from the absolute rotation position encoder 18 
and the position information from the zoom encoder 13 
deviates from the "relationship that should hold." 
[0216] Thus with the present embodiment, since when an 

operator operates the zoom ring 1 manually to perform 
zooming, the clutch mechanism 48 is switched automatically 
from the transmitting state to the non-transmitting state 
without forcing the operator to perform the clutch switching 
operation, the rotational load of the zoom ring drive motor 
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5 is not applied during manual operation of the zoom ring 1 
and a good manual operation sensation can be provided. 
[0217] Though an integral lens type image-taking apparatus 
was described for the present embodiment, the same automatic 
switching of the clutch mechanism may be carried out in an 
Interchangeable lens apparatus in a camera system such as 
that described with Embodiment 7. Also, though the zooming 
operation was described with the present embodiment , the 
automatic switching of the clutch mechanism may also be 
applied to the focusing operation described with Embodiment 
6. 

[0218] Also, though with each of Embodiments 5 to 9, an 
image -taking apparatus or lens apparatus using a rear focus 
(inner focus) zoom lens having a 4 -unit lens structure was 
described, these embodiments may also be applied to image- 
taking apparatuses or lens apparatuses using the optical 
systems of front focus type zoom lenses and of multiple lens 
unit rear focus (inner focus) zoom lenses with 3 lens units 
or 5 lens units, etc. 

[0219] As described above, with Embodiments 5 to 9 , an 
optical apparatus or lens apparatus can be provided with 
which the correspondence between the position of an 
operating member and the position of a movable lens can 
maintained, the saving of electrical power can be promoted, 
and image taking errors can be restrained. 
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[0220] (Embodiment 10) 

Fig. 16 shows a block diagram for describing an image- 
taking apparatus (optical apparatus) that is Embodiment 10 
of the present invention. This embodiment is an example 
wherein the invention is applied to a zoom mechanism of a 
digital still camera, video camera, or other image -taking 
apparatus equipped with a rear focus zoom lens optical 
system. With this embodiment's image-taking apparatus, a 
camera body part is provided with an integral lens part. 
The basic structure of this embodiment's image-taking 
apparatus is the same as that described for Embodiment 1, 
and the components that are in common to those of Embodiment 
1 are provided with the same Reference numerals and 
description thereof shall be omitted. 

[0221] Fig. 17(A) is a front view of the lens part and Fig. 
17(B) shows a part of this front view in enlarged manner. 
[0222] In its rotatable range (movable range, hereinafter 
Indicated by Reference numeral 2 ) , the zoom ring 1 is 
restricted in the range of rotation by mechanical contact 
with a telephoto end stopper (mechanical end; hereinafter 
indicated by the Reference numeral "3") at the telephoto end 
side at which the focal length (zoom position) is the 
longest focal length and with a wide-angle end stopper 
(mechanical end; hereinafter indicated by the Reference 
numeral 4) at the wide end side at which the focal length is 
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the shortest focal length. The rotation angle of this zoom 
ring 1 is set in the rotatable range 2, for example, of 
approximately 90° to 120 p . 

[0223] Also at the inner side of the rotatable range 2 of 
the zoom ring 1, a telephoto end position detector 68 is 
disposed at a position corresponding to the telephoto end at 
which the focal length (zoom position) is the longest focal 
length and a wide-angle end position detector 69 is disposed 
at a position corresponding to the wide-angle end at which 
the focal length is the shortest focal length. The 
telephoto end position detector 68 and the wide-angle end 
position detector 69 are provided to detect that the zoom 
ring 1 is positioned at the rotation position corresponding 
to the optical telephoto end of the variator lens 6 and to 
detect that the zoom ring 1 is positioned at the rotation 
position corresponding to the optical wide angle end of the 
variator lens 6, respectively, and non- contacting type 
detectors (for example, photointerrupters ) and contacting 
type detectors (for example, micro switches) may be used. 
With the present embodiment, a description shall be provided 
for the case where photointerrupters are used as these end 
position detectors 68 and 69 as the detectors. 
[0224] The positions of the zoom ring 1 that are detected 
by the telephoto end position detector 68 and the wide-angle 
end position detector 69 are set at inner sides of the 



CFV00115_AAFA 

- 74 - 

rotatable range 2 of the zoom ring 1 so that predetermined 
intervals are provided with respect to the positions at 
which rotation is stopped by the telephoto end stopper 3 and 
wide-angle end stopper 4. Thus dead zones, in which the 
zoom ring 1 can be rotated, are left between the position at 
which the zoom ring 1 is detected by the telephoto end 
position detector 18 and the position at which the rotation 
is stopped by the telephoto end stopper 3 and between the 
position at which the zoom ring 1 is detected by the wide- 
angle end position detector 19 and the position at which the 
rotation is stopped by the wide end stopper 4. In other 
words, the telephoto end position detector 68 and the wide- 
angle end position detector 69 themselves are positioned 
apart from the positions of the telephoto end stopper 3 and 
the wide-angle end stopper 4, respectively, in the lens 
circumference direction . 

[0225] The controller 10 stores, in a memory 10a inside 
the controller 10, the position information, which is the 
output signal output from the absolute rotation position 
encoder (a potentiometer in the present embodiment) 8 at the 
time the zoom ring 1 is detected via these end position 
detectors 68 and 69 as being positioned at the telephoto end 
corresponding position or at the wide-angle end 
corresponding position by the end position detector 68 or 69, 
as an absolute position of the zoom ring 1 in the rotatable 
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range 2 . 

[0226] Here, as shown in Figs. 17(A) and (B), at a lower 
part of a fixed member (a member that supports the 
respective lens units, motors, encoders, etc., mentioned 
above and has the zoom ring 1 provided on its outer 
periphery) 71 of the lens part, an arcuate groove portion 
71a of a length corresponding to the rotatable range 2 of 
the zoom ring 1 is formed so as to open towards the front. 
The inner end surfaces of the respective sides in the 
circumferential direction of this groove portion 71a become 
the telephoto end stopper 3 and the wide-angle end stopper 4. 
[0227] Reference numeral 70 is a ring side stopper. As 
shown in detail in Fig. 17(B), a planar protrusion 70a, 
which is inserted inside the groove portion 71a, is formed 
on this ring side stopper 70. This ring side stopper 70 is 
fixed by adhesion, etc., to one location of a gear portion 
lc that is formed on the inner periphery of the zoom ring 1. 
Thus when the zoom ring 1 rotates, the ring side stopper 70 
also rotates and the protrusion 70a moves inside the groove 
portion 71a. 

[0228] The protrusion 70a has the role of contacting the 
telephoto end stopper 3 or the wide-angle end stopper 4 when 
the zoom ring 1 rotates to the telephoto end or the wide 
angle end and thereby stopping further rotation of the zoom 
ring 1. Furthermore, the protrusion 70a has the role of 
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blocking the light directed from a light projecting portion 
69a to a light receiving portion 69b of the telephoto end or 
wide-angle end position detector 68 and 69 (of which only 
the wide-angle end position detector 69 is shown in Fig. 
17(B)) by interposing between the light projecting portion 
69a and the light receiving portion 69b before contacting 
the telephoto end stopper 3 or wide-angle end stopper 4. 
[0229] When the protrusion 70a is not blocking the light 
from the light projecting portion 69a (when the zoom ring 1 
is positioned at the inner side of the positions detected by 
the telephoto end and wide-angle end position detectors 68 
and 69 in the movable range 2), the light receiving portion 
69b outputs an ON signal. 

[0230] Also, when the protrusion 70a blocks the light from 
the light projection portion 69a, the light receiving 
portion 69b outputs an OFF signal. 

[0231] The controller 10 detects that the zoom ring 1 is 
positioned at the position at which the telephoto end or 
wide-angle end position detector 68 or 69 is disposed by 
means of this OFF signal. 

[0232] The protrusion 70a has the required width in the 
direction of rotation of the zoom ring 1 and the required 
thickness for securing the strength as a stopper, and by an 
end portion in the width direction of the protrusion 70a 
reaching the interval between the light projecting portion 
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69a and the light receiving portion 69b, the light from 
light projecting portion 69a to the light receiving portion 
69b is blocked. This position is the optical end (telephoto 
end or wide angle end) corresponding position at which the 
zoom ring 1 is detected by the telephoto end or wide-angle 
end position detector 68 or 69. 

[0233] Thereafter, even if the zoom ring 1 is rotated 

further in the dead zone until the protrusion 70a contacts 
the telephoto end or wide-angle end stopper 3 or 4, the 
light from the light projecting portion 69a to the light 
receiving portion 69b remains blocked. 

[0234] As shown in Fig. 17(A), the output gear of the zoom 
ring drive motor 5 is engaged with the gear portion lc and 
the driving force of the zoom ring drive motor 5 is 
transmitted to the zoom ring 1 via this gear part lc. Also, 
the rotation input gears of the absolute rotation position 
encoder 8 and the zoom encoder 13 are also engaged with the 
gear portion lc so that the rotation of the zoom ring 1 are 
transmitted to these encoders 8 and 13. 

[0235] Since the basic operation of the image- taking 

apparatus of this embodiment is the same as the operation of 
Embodiment 1 described using Figs. 2 and 3, description 
thereof shall be omitted. 

[0236] As with Embodiment 1, the state in which zooming 
operation of the optical system (variator lens unit 6 and 
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focus lens unit 7) is performed to a position corresponding 
to the position of the zoom ring 1 is maintained with the 
present embodiment as well. The focal length indication of 
the zoom ring 1 and the actual state of the focal length of 
the optical system can thus be put constantly in a 
substantially corresponding state of low deviation so as to 
enable the focal length to be maintained as it is indicated. 
[0237] However, with just the structure, output variation 
of the absolute rotation position encoder (potentiometer) 8 
due to temperature change (temperature drift phenomena) and 
variations of the positions detected by the absolute 
rotation position encoder 8 of the zoom ring 1 that arise 
due to thermal expansion or thermal shrinkage of component 
parts cannot be restrained. The countermeasure described 
below is thus provided in the present embodiment. 
[0238] Fig. 18 is a flowchart illustrating the operation 
of the controller 10 for restraining variations of the 
detected positions of the zoom ring 1 due to temperature 
change . 

[0239] In Fig. 18 , the present operation is started in 

step 1801 when the power of the image-taking apparatus is 
turned ON. In step 1802, the controller 10 drives the zoom 
ring drive motor 5 to rotate the zoom ring 1 to the 
telephoto end side (or to the wide angle end side) and 
continues doing so until the OFF signal is input from the 
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telephoto end position detector 68 (or the wide-angle end 
position detector 69). Upon detection of the OFF signal 
from the telephoto end position detector 68, the controller 
10 stores the output from the absolute rotation position 
encoder 8 (the position information on the zoom ring 1) at 
this time in the memory 10a. 

[0240] A return to step 1802 is then performed and this 
time, the zoom ring drive motor 5 is driven in the reverse 
direction to rotate the zoom ring 1 to the wide-angle end 
side (or the telephoto end side) and this is continued until 
the OFF signal is input from the wide angle end position 
detector 69 (or the telephoto end position detector 68). 
Upon detection of the OFF signal from the wide-angle end 
position detector 69, the controller 10 stores the output 
from the absolute rotation position encoder 8 at this time 
in the memory 10a. In the figure, this repetition of steps 
1802 and 1803 twice is indicated by dotted lines and an 
arrow. Step 1804 is then entered. 

[0241] In step 1804, the outputs (position information on 
the zoom ring 1 ) , which were output from the absolute 
rotation position encoder 8 at the points at which the zoom 
ring 1 was detected by the telephoto end and wide-angle end 
position detectors 68 and 69 respectively and were stored in 
step 1803, are compared with reference outputs (reference 
positions). The reference outputs are outputs which were 
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output from the absolute rotation position encoder 8 at the 
points at which the zoom ring 1 was detected by the 
telephoto end and wide-angle end position detectors 68 and 
69 respectively and were stored prior ly in the memory 10a at 
the time of shipment from a factory or at the time of 
previous use, etc. 

[0242] Then in step 1805, it is judged whether or not 

there are any differences between the compared outputs that 
exceed an allowable error (set to an error that is allowable 
optically or in consideration of the error due to the 
detection dead zone, etc., of the encoder 8). When there 
are no differences, image taking is started as it is. 
Specifically, the operations illustrated in Figs. 2 and 3 
for Embodiment 1 are started. On the other hand, when the 
difference exists, step 1806 is entered. 

[0243] In step 1806, the outputs, which were output from 
the absolute rotation position encoder 8 at the points at 
which the zoom ring 1 was detected by the telephoto end and 
wide-angle end position detectors 68 and 69 respectively and 
were stored in the current step 1803, are stored in the 
memory 10a as new reference position information. 
[0244] Furthermore, based on the new reference position 
information, the controller 10 corrects the data or 
calculation formulae that are the information that indicate 
the above -described "relationship (correspondence) that 
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should hold" for the output of the absolute rotation 
position encoder 8 (position information on the zoom ring 1) 
and the output of the zoom encoder 13 (position information 
on the variator lens unit 6 ) . 

[0245] Specifically, if, as the information on the 

"relationship that should hold", the data on the converted 
positions of the variator lens unit 6 that correspond to the 
respective positions of the zoom ring 1 with respect to the 
reference positions of the zoom ring 1 are stored, for 
example, the converted position data of the variator lens 
unit 6 that correspond to the respective positions of the 
zoom ring 1 are increased or decreased in accordance with 
the differences between the new reference position 
information and the previous reference position information. 
[0246] Also, if, as the information on the "relationship 
that should hold" , formulae for calculating the converted 
positions of the variator lens unit 6 that correspond to 
respective positions of the zoom ring 1 with respect to the 
reference positions of the zoom ring 1 are stored, for 
example, the coefficients of the respective formulae 
mentioned above are increased or decreased in accordance 
with the differences between the new reference position 
information and the previous reference position information. 
[0247] By thus correcting the information on the 

"relationship that should hold", even when the output of the 



CFV00115__AAFA 



- 82 - 

absolute rotation position encoder 8 varies due to a 
temperature drift or when component parts undergo 
deformation by thermal expansion or thermal shrinkage, the 
correspondence between the position of the zoom ring 1 
(focal length indication) and the position of the variator 
lens unit 6 (focal length of the optical system) can be 
maintained. 

[0248] By performing such a correction operation each time 
the power of the image- taking apparatus is turned ON, the 
correspondence between the position of the zoom ring 1 and 
the position of the variator lens unit 6 can be maintained 
each time the image- taking apparatus is used. 

[0249] Though with the present embodiment, the above- 

described correction operation is carried out when the power 
of the image- taking apparatus is turned ON, the correction 
operation may also be carried out when during image taking, 
the zoom ring 1 is detected by the telephoto end or wide- 
angle end position detector 68 or 69. Temperature changes 
during image taking can thus be accommodated for more finely. 
[0250] Furthermore, though with the present embodiment, 
the information on the "relationship that should hold" is 
corrected based on the position information (reference 
position information) of the zoom ring 1 at the points at 
which signals are input from the telephoto end and wide- 
angle end position detectors 68 and 69, structures may b 
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made not to correct the information on the "relationship 
that should hold" but to correct, based on the above- 
described reference position information, the position 
information on the zoom ring 1 that is obtained from the 
absolute rotation position encoder 8 used in the drive 
control of the zoom motor 12. In this case, for example, 
the position information of the absolute rotation position 
encoder 8 that is used in the drive control of the zoom 
motor 12 is adjusted to fit the information on the 
"relationship that should hold" in accordance with the 
difference between a currently detected reference position 
information and a priorly detected (stored) reference 
position information* The correspondence between the 

position of the zoom ring 1 and the position of the variator 
lens unit 6 can likewise be maintained regardless of 
temperature changes in this case as well. 

[0251] Though as described above, with the present 

embodiment, dead zones are provided between the position at 
which the zoom ring 1 is detected by the telephoto end 
position detector 18 and the position at which the rotation 
is stopped by the telephoto end stopper 3 and between the 
position at which the zoom ring 1 is detected by the wide- 
angle end position detector 19 and the position at which the 
rotation is stopped by the wide-angle end stopper 4. 
Deviations of the telephoto end and wide-angle end positions 
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(position information provided by the absolute rotation 
position encoder 8) of the zoom ring 1 that accompany the 
scattering of parts dimensions and output signals of the 
absolute rotation position encoder 8 and variations of the 
output signal from the absolute rotation position encoder 8 
due to temperature drift and deformation of component parts 
due to temperature can thereby be absorbed. Also, the 
problem, wherein the zoom ring 1 cannot be rotated further 
even though the variator lens unit 6 has not reached the 
optical telephoto end or the optical wide angle end, can 
thereby be resolved. 
[0252] (Embodiment 11) 

Though with Embodiment 10, an image- taking apparatus with 
an integral lens was described, the present invention may 
also be applied to a lens apparatus of a camera system 
(optical apparatus) structured from a camera (digital still 
camera, video camera) and an interchangeable lens apparatus 
that can be mounted to this camera. 

[0253] Fig. 19 shows a block diagram for describing the 
camera system of the present embodiment. The component 

blocks are separated into those of the camera side and those 
of the lens side with the broken lines of Fig. 19 as the 
boundary and these blocks are joined by a mount part of the 
interchangeable lens and camera. The basic structure of 
this embodiment is the same as that of Embodiment 4 and the 
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components that are in conunon to those of Embodiment 4 are 
provided with the same Reference numerals and description 
thereof shall be omitted. 

[0254] Also, the operation of the lens controller 31 of 
this embodiment is the same as the operation of Embodiment 4 
that was described using the flowcharts of Figs. 2 and 3, 
and the operation of Embodiment 10 that was described using 
the flowcharts of Fig. 18. 

[0255] The state in which zooming operation of the optical 
system (movement of the variator lens unit 6 and focus lens 
unit 7) is performed to a position corresponding to the 
position of the zoom ring 1 is maintained in this embodiment 
as well. The indication of the zoom ring 1 and the state of 
the actual focal length of the optical system can thus be 
put constantly in a substantially corresponding state of low 
deviation so as to enable the focal length to be maintained 
as it is indicated by the zoom ring 1 or the EVF 33. 
[0256] Also, by correcting the information on the 

"relationship that should hold", even when the output from 
the absolute rotation position encoder 8 varies due to a 
temperature drift or when component parts undergo 
deformation by thermal expansion or thermal shrinkage, the 
correspondence between the position of the zoom ring 1 
(focal 1 ngth indication) and the position of the variator 
lens unit 6 (focal length of the optical system) can be 
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maintained . 

[0257] (Embodiment 12) 

Fig. 10 shows a block diagram for describing Embodiment 
12 of an image- taking apparatus of the present invention. 
This embodiment is an example wherein the invention is 
applied to a focus mechanism of a digital still camera, 
video camera, or other image -taking apparatus equipped with 
a rear focus zoom lens optical system. The basic structure 
of this embodiment is the same as that described with 
Embodiment 2 and the components that are in common to those 
of Embodiment 2 are provided with the same Reference 
numerals as those of Embodiment 2 and description thereof 
shall be omitted. 

[0258] As shown in Fig. 20, the focus ring 21, like the 
zoom ring 1 of Embodiment 10, rotates within the rotatable 
range indicated by arrows 22 (movable range; hereinafter 
indicated by the Reference numeral, "22") and is restricted 
in rotation range by mechanical contact with an infinity end 
stopper (mechanical end; hereinafter indicated by the 
Reference numeral, "23") and with a near end stopper 
(mechanical end; hereinafter indicated by the Reference 
numeral, "24"). 

[0259] Also at the inner sides of the rotatable range 22 
of the focus ring 21, an infinity end position detector 78 
is disposed at a position corresponding to the infinity end 
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and a near end position detector 79 is disposed at a 
position corresponding to the near end. The end position 
detectors 78 and 79 are provided to detect that the focus 
ring 21 is positioned at the rotation position corresponding 
to the optical infinity end (infinity end corresponding 
position) and to detect that the focus ring 21 is positioned 
at the rotation position corresponding to the optical near 
end (near end corresponding position), respectively. These 
end position detectors 78 and 79 are the same type of 
detectors as the telephoto end and wide-angle end position 
detectors 68 and 69 described for Embodiment 10. 
[0260] The controller 10 stores the position information, 
which is the output signal from the absolute rotation 
position encoder (a potentiometer in the present embodiment) 
18 at the point at which the focus ring 21 is detected as 
being positioned at the infinity end corresponding position 
or at the near end corresponding position via the end 
position detector 78 or 79, as an absolute position of the 
focus ring 21 in the rotatable range 22 , in the memory 10a 
inside the controller 10. 

[0261] Since the basic operation of the image- taking 

apparatus of the present embodiment is the same as that 
described for Embodiment 2 using Figs. 5 and 6, a 
description thereof shall b omitted here. 

[0262] The state in which the focus lens unit 7 is moved 
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to a position corresponding to the position of the focus 
ring 21 is maintained with this embodiment as well. The 
distance indication of the focus ring 21 and the actual in- 
focus distance state of the focus lens 7 can thus be put 
constantly in a substantially corresponding state of low 
deviation so as to enable the in-focus distance to be 
maintained as it is indicated. 

[0263] Also, the same form of operation for correcting the 
information indicating the "relationship (correspondence) 
that should hold" as that illustrated for Embodiment 10 in 
Fig. 18 is carried out with the present embodiment as well. 
With the present embodiment, first the focus ring drive 
motor 21 is driven to rotate the focus ring 21 to the 
infinity end side and then to the near end side, and in each 
case, the driving is continued until an OFF signal is input 
from the infinity end position detector 78 or the near end 
position detector 79. Upon detecting the OFF signal from 
the end position detector 78 or 79, the controller 10 stores 
the output from the absolute rotation position encoder (the 
position information on the focus ring 21) at that time in 
the memory 10a. 

[0264] Next, the stored outputs (position information on 
the focus ring 21), which were output from the absolute 
rotation position encoder 18 at the points at which the 
focus ring 21 was detected by the infinity end and near end 
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position detectors 78 and 79 respectively, are compared with 
outputs (reference position information) , which were output 
from the absolute rotation position encoder 18 at the points 
at which the focus ring 21 was detected by the infinity end 
and near end position detectors 78 and 79 respectively and 
were stored prior ly in the memory 10a at the time of 
shipment from a factory or at the time of previous use, etc. 
[0265] It is then judged whether or not there are any 

differences between the compared outputs that exceed an 
allowable error (set to an error that is allowable optically 
or in consideration of the error due to the detection dead 
zone, etc., of the encoder 18). When there are no 
differences, image taking is started as it is. 
[0266] On the other hand, when the difference exists, the 
currently stored outputs, which were output from the 
absolute rotation position encoder 18 at the points at which 
the focus ring 21 was detected by the infinity end and near 
end position detectors 78 and 79 respectively, are stored in 
the memory 10a as new reference position information. 
[0267] Furthermore, based on the new reference position 
information, the controller 10 corrects the data or 
calculation formulae that are the information that indicate 
the "relationship (correspondence) that should hold" for the 
output of the absolute rotation position encoder 18 
(position information on the focus ring 21) and the output 
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of. the focus lens position detection encoder 15 (position 
information on the focus lens unit 7). Specific examples of 
this correction are the same as those described for 
Embodiment 1 0 . 

[0268] By thus correcting the information on the 

"relationship that should hold", even when the output of the 
absolute rotation position encoder 18 varies due to a 
temperature drift or when component parts undergo 
deformation by thermal expansion or thermal shrinkage, the 
correspondence between the position of the focus ring 21 
(in-focus distance indication) and the position of the focus 
lens unit 7 (in-focus distance of the optical system) can be 
maintained . 

[0269] By performing such a correction operation each time 
the power of the image -taking apparatus is turned ON or 
during image taking, the correspondence between the position 
of the focus ring 21 and the position of the focus lens unit 
7 can be maintained each time the image-taking apparatus is 
used. 

[0270] Furthermore, with the present embodiment, dead 

zones are provided between the position at which the focus 
ring 21 is detected by the infinity end position detector 78 
and the position at which the rotation is stopped by the 
infinity end stopper 23 and between the position at which 
the focus ring 21 is detected by the near end position 
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detector 79 and the position at which the rotation is 
stopped by the near end stopper 24. Deviations of the 
infinity end and near end positions (position information 
provided by the absolute rotation position encoder 18) of 
the focus ring 21 that accompany the scattering of parts 
dimensions and output signals of the absolute rotation 
position encoder 18 and variations of the output signal from 
the absolute rotation position encoder 18 due to temperature 
drift and deformation of component parts due to temperature 
can thereby be absorbed. 

[0271] As described for Embodiment 10, the correction 

operation described for the present embodiment may be 
replaced by the correction of the output (position 
information on the focus ring 21) from the absolute rotation 
position encoder 18. 

[0272] The focusing operation and correction operation 

described for the present embodiment may also be applied to 
a lens apparatus that makes up the camera system described 
for Embodiment 11. 

[0273] As described above, with Embodiments 10 to 12, the 
disruption of the correspondence between the position of an 
operating member and the position of a movable lens due to 
temperature drift of a position detector, etc. , that 
accompanies a temperature change can be restrained to 
thereby maintain the correspondence between the position of 
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the operating member and the position of the movable lens in 
a stable manner. 

[0274] While preferred embodiments have been described it 
is to be understood that modification and variation of the 
present invention may be made without departing from the 
scope of the following claims. 



